REMARKS 
Amendments 

Claims 24-26, 28-30, 32, 37 and 39 have been amended. Claims 1-23, 27, 31, 33-35 and 
40 have been canceled. Upon entry of the amendment, claims 24-26, 28-30, 32 and 36-39 will 
be pending. Support for the amendments and added claims can be found in the specification, for 
example, on page 6, line 28 through page 7, line 5; in the Examples; the Figures; and in the 
claims as originally filed. 

The foregoing amendments are made solely to expedite prosecution of the application 
and are not intended to limit the scope of the invention. Further, the amendments to the claims 
are made without prejudice to the pending or now canceled claims or to any subject matter 
pursued in a related application. The Applicant reserves the right to prosecute any canceled 
subject matter at a later time or in a later filed divisional, continuation, or continuation-in-part 
application. 

Rejections 

Rejection under 35 U.S.C. § 101/112 first paragraph 

The Examiner has maintained the rejection of claims 1, 2, 6-15, 25, 27 and 34-36 under 
35 U.S.C. § 101 and 35 U.S.C. § 1 12, first paragraph, because the claimed invention is allegedly 
not supported by either a specific or substantial asserted utility or a well-established utility. 

Applicant respectfully traverses the rejection. Amended claim 24 is drawn to a 
transgenic mouse whose genome comprises a null mTMT allele; said null allele comprising 
exogenous DNA, wherein the transgenic mouse exhibits phenotypes including decreased body 
weight; decreased thymus weight; decreased thymus weight to body weight ratio; and increased 
prepulse inhibition. Applicant has asserted that the transgenic mouse is useful for studying the 
function of the mTMT gene, a utility which is well-established and would be considered credible 
to a person skilled in the art. Applicant's position was set forth in a response to the July 14, 2004 
Office action, and is reiterated below. Applicant respectfully requests that the Examiner fully 
reconsider these arguments, particularly in light of the current scope of the claims. 

According to 35 U.S.C. § 101, "[w]hoever invents . . . any new and useful . . . 
composition of matter may obtain a patent therefore. ..." 

Under the Patent Office's Utility Requirement Guidelines: 
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BEST AVAILABLE COPY 



If at any time during the examination, it becomes readily apparent that the 
claimed invention has a well-established utility, do not impose a rejection based 
on lack of utility. An invention has a well-established utility if (i) a person of 
ordinary skill in the art would immediately appreciate why the invention is useful 
based on the characteristics of the invention (e.g., properties or applications of a 
product or process), and (ii) the utility is specific, substantial and credible . 



If the applicant has asserted that the claimed invention is useful for any particular 
practical purpose (i.e., it has a "specific and substantial utility") and the assertion 
would be considered credible by a person of ordinary skill in the art , do not 
impose a rejection based on lack of utility . 

(emphasis added)(MPEP § 2107, II (A)(3); II (B)(1)). 
The standard for " credible " is defined as: 

. . . whether the assertion of utility is believable to a person of ordinary skill in the art 
based on the totality of evidence and reasoning provided. An assertion is credible unless 
(A) the logic underlying the assertion is seriously flawed, or (B) the facts upon which the 
assertion is based are inconsistent with the logic underlying the assertion. 

(MPEP 2107.02, III(B)(emphasis added). 

According to the Patent Office's own guidance to Examiners: 

hanger and subsequent cases direct the Office to presume that a statement of utility made 
by an applicant is true , [citations omitted] . . . Clearly, Office personnel should not begin 
an evaluation of utility by assuming that an asserted utility is likely to be false. 

Compliance with 35 U.S.C. 101 is a question of fact [citations omitted]. Thus, to 
overcome the presumption of truth that an assertion of utility by the applicant enjoys, 
Office personnel must establish that it is more likely than not that one of ordinary skill in 
the art would doubt (i.e., "question") the truth of the statement of utility . ... To do this, 
Office personnel must provide evidence sufficient to show that the statement of asserted 
utility would be considered "false" by a person of ordinary skill in the art. 

(MPEP 2107.02, III(A)(emphasis added). It is Applicant's position that such evidence 
has not been provided. 

Rejections under 35 U.S.C. 101 have been rarely sustained by federal courts . 

Generally speaking, in these rare cases , the 35 U.S.C. 101 rejection was sustained either 
because the applicant failed to disclose any utility for the invention or asserted a utility 
that could only be true if it violated a scientific principle, such as the second law of 
thermodynamics, or a law of nature , or was wholly inconsistent with contemporary 
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knowledge in the art. In re Gazave, 379 F.2d 973, 978, 154 USPQ 92, 96 (CCPA 1967). 
Special care therefore should be taken when assessing the credibility of an asserted 
therapeutic utility for a claimed invention. In such cases, a previous lack of success in 
treating a disease or condition, or the absence of a proven animal model for testing the 
effectiveness of drugs for treating a disorder in humans, should not, standing alone, serve 
as a basis for challenging the asserted utility under 35 U.S.C. 101 . 

(MPEP 2107.02, III(B)(emphasis in original and added). The Guidelines additionally 
provide that: 

There is no predetermined amount or character of evidence that must be provided by an 
applicant to support an asserted utility, therapeutic or otherwise. Rather, the character 
and amount of evidence needed to support an asserted utility will vary depending on what 
is claimed (citations omitted), and whether the asserted utility appears to contravene 
established scientific principles and beliefs , (citations omitted). Furthermore, the 
applicant does not have to provide evidence sufficient to establish that an asserted utility 
is true "beyond a reasonable doubt." (citations omitted). Nor must an applicant provide 
evidence such that it establishes an asserted utility as a matter of statistical certainty . 
Nelson v. Bowler, 626 F.2d 853, 856-57, 206 USPQ 881, 883-84 (CCPA 1980)(reversmg 
the Board and rejecting Bowler's arguments that the evidence of utility was statistically 
insignificant . The court pointed out that a rigorous correlation is not necessary when the 
test is reasonably predictive of the response). 

(MPEP 2107.02, VII)(emphasis added). 

Thus, according to Patent Office guidelines, a rejection for lack of utility may not be 
imposed where an invention has a well-established utility or is useful for any particular practical 
purpose. The present invention satisfies either standard. An assertion of utility is presumed to 
be true . The burden is on the Examiner to show that one of ordinary skill would find the asserted 
utility to be false. 

The present invention has a well-established utility since a person of ordinary skill in the 
art "would immediately appreciate why" knockout mice are useful. As a general principle, 
knockout mice have the inherent and well-established utility of defining the function and role of 
the disrupted target gene , regardless of whether the inventor has described any specific 
phenotypes, characterizations or properties of the knockout mouse. The sequencing of the 
human genome has produced countless genes whose function has yet to be determined. 

According to the National Institute of Health, knockout mice represent a critical tool in 

studying gene function: 

Over the past century, the mouse has developed into the premier mammalian 
model system for genetic research . Scientists from a wide range of biomedical 
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fields have gravitated to the mouse because of its close genetic and physiological 
similarities to humans, as well as the ease with which its genome can be 
manipulated and analyzed. 

In recent decades, researchers have utilized an array of innovative genetic 
technologies to produce custom-made mouse models for a wide array of specific 
diseases, as well as to study the function of targeted genes . One of the most 
important advances has been the ability to create transgenic mice, in which a new 
gene is inserted into the animal's germline. Even more powerful approaches, 
dependent on homologous recombination, have permitted the development of 
tools to "knock out" genes, which involves replacing existing genes with altered 
versions ; or to "knock in" genes, which involves altering a mouse gene in its 
natural location. To preserve these extremely valuable strains of mice and to 
assist in the propagation of strains with poor reproduction, researchers have taken 
advantage of state-of-the-art reproductive technologies, including 
cryopreservation of embryos, in vitro fertilization and ovary transplantation. 

( http://www.genome.gov/pfv.cfm?pageid=100Q5834 )(emphasis added)(copy attached). 
Thus, the knockout mouse has been accepted by the NEH as the premier model for determining 
gene function, a utility that is specific, substantial and credible. 

Knockout mice are so well accepted as tools for determining gene function that the 

director of the NIH Chemical Genomics Center of the National Human Genome Research 

Institute (among others, including Capecchi, Bradley, Joyner, Nagy and Skarnes) has proposed 

creating knockout mice for all mouse genes: 

Now that the human and mouse genome sequences are known, attention has turned 
to elucidating gene function and identifying gene products that might have therapeutic 
value. The laboratory mouse (Mus musculus) has had a prominent role in the study of 
human disease mechanisms throughout the rich, 100-year history of classical mouse 
genetics , exemplified by the lessons learned from naturally occurring mutants such as 
agouti, reeler and obese. The large-scale production and analysis of induced genetic 
mutations in worms, flies, zebrafish and mice have greatly accelerated the understanding 
of gene function in these organisms. Among the model organisms, the mouse offers 
particular advantages for the study of human biology and disease: (i) the mouse is a 
mammal, and its development, body plan, physiology, behavior and diseases have much 
in common with those of humans; (ip almost all (99%) mouse genes have homologs in 
humans; and (iii) the mouse genome supports targeted mutagenesis in specific genes by 
homologous recombination in embryonic stem (ES) cells, allowing genes to be altered 
efficiently and precisely . 

A coordinated project to systematically knock out all mouse genes is likely to be of 
enormous benefit to the research community , given the demonstrated power of knockout 
mice to elucidate gene function, the frequency of unpredicted phenotypes in knockout 
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mice, the potential economies of scale in an organized and carefully planned project, and 
the high cost and lack of availability of knockout mice being made in current efforts. 



(Austin et al., Nature Genetics (2004) 36(9):921-24, 921)(emphasis added)(copy 
attached). 

With respect to claims drawn to transgenic mice having a null allele, the following 
comments from Austin are relevant: 

Null-reporter alleles should be created 

The project should generate alleles that are as uniform as possible, to allow efficient 
production and comparison of mouse phenotypes. The alleles should achieve a balance 
of utility, flexibility, throughput and cost. A null allele is an indispensable starting point 
for studying the function of every gene . Inserting a reporter gene (e.g., P-galactosidase 
or green fluorescent protein) allows a rapid assessment of which cell types normally 
support the expression of that gene. 

(p. 922)(emphasis in original, emphasis added). 

Research tools such as knockout mice are clearly patentable, as noted by the Patent 

Office: 

Some confusion can result when one attempts to label certain types of inventions 
as not being capable of having a specific and substantial utility based on the 
setting in which the invention is to be used . One example is inventions to be used 
in a research or laboratory setting. Many research tools such as gas 
chromato graphs, screening assays, and nucleotide sequencing techniques have a 
clean specific and unquestionable utility (e.g., they are useful in analyzing 
compounds) . An assessment that focuses on whether an invention is useful only 
in a research setting thus does not address whether the invention is in fact "useful" 
in a patent sense. Instead, Office personnel must distinguish between inventions 
that have a specifically identified substantial utility and inventions whose asserted 
utility requires further research to identify or reasonably confirm. Labels such as 
"research tool," "intermediate" or "for research purposes" are not helpful in 
determining if an applicant has identified a specific and substantial utility for the 
invention. 

(MPEP § 2107.01, 1). As with gas chromatographs, screening assays and nucleotide 
sequencing techniques, knockout mice have a clear, specific and unquestionable utility (e.g., they 
are useful in analyzing gene function), a utility that is clearly recognized by those skilled in the 
art. 



10 



For example, according to the Molecular Biology of the Cell (Albert, 4 ed., Garland 
Science (2002)) (copy of relevant pages attached), one of the leading textbooks in the field of 
molecular biology: 

Extensive collaborative efforts are underway to generate comprehensive libraries of 
mutation in several model organisms including ... the mouse. The ultimate goal in each 
case is to produce a collection of mutant strains in which every gene in the organism has 
either been systematically deleted, or altered such that it can be conditionally disrupted. 
Collections of this type will provide an invaluable tool for investigating gene function on 
a genomic scale. 

(p. 543)(emphasis added). 

According to Genes VII (Lewin, Oxford University Press (2000)) (copy of relevant pages 

attached), another well respected textbook in the field of genetics: 

The converse of the introduction of new genes is the ability to disrupt specific 
endogenous genes. Additional DNA can be introduced within a gene to prevent its 
expression and to generate a null allele. Breeding from an animal with a null allele can 
generate a homozygous "knockout", which has no active copy of the gene. This is a 
powerful method to investigate directly the importance and function of the gene . 

(p. 508)(emphasis added). 

According to Joyner (Gene Targeting: A Practical Approach, Oxford University Press 

2000) (copy of relevant pages attached),: 

Gene targeting in ES cells offers a powerful approach to study gene function in a 
mammalian organism . 

(preface)(emphasis added). 

According to Matise et al. (Production of Targeted Embryonic Stem Cell Clones in 
Joyner, Gene Targeting: A Practical Approach, Oxford University Press 2000)(copy of relevant 
pages attached): 

The discovery that cloned DNA introduced into tissue culture cells can undergo 
homologous recombination at specific chromosomal loci has revolutionized our ability to 
study gene function in cell culture and in vivo . . . . Thus, applying gene targeting 
technology to ES cells in culture affords researchers the opportunity to modify 
endogenous genes and study their function in vivo . 

(p. 101)(emphasis added). 
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According to Crawley (What's Wrong With My Mouse Behavioral Phenotyping of 

Transgenic and Knockout Mice, Wiley-Liss 2000) (copy of relevant pages attached): 

Targeted gene mutation in mice represents a new technology that is revolutionizing 
biomedical research . 

Transgenic and knockout mutations provide an important means for understanding gene 
function , as well as for developing therapies for genetic diseases. 

(p. 1, rear cover)(emphasis added). 

Applicant submits that since one of ordinary skill in the art would immediately recognize 
the utility of a knockout mouse in studying gene function, a utility that is specific, substantial and 
credible, the invention has a well-established utility, thus satisfying the utility requirement of 
section 101. On this basis alone, withdrawal of the rejection with respect to the present invention 
is warranted, and respectfully requested. 

In addition, the claimed invention is useful for a particular purpose. The Applicant has 
demonstrated and disclosed specific phenotypes exhibited by the claimed mice. Utility of the 
claimed knockout mouse would be apparent to, and considered credible by, one of skill in the art, 
as the role of knockout mice in studying such phenotypes is both specific and substantial. 

Definitive proof that the phenotypes observed in the null mouse would be the same as 

those observed in humans is not a prerequisite to satisfying the utility requirement. It is enough 

that the claimed mouse demonstrates phenotypes, relative to a wild type control mouse, and that 

knockout mice are recognized in the art as models for determining gene function, both in mice 

and in humans. According to Austin et al.: 

Among the model organisms, the mouse offers particular advantages for the study of 
human biology and disease: (i) the mouse is a mammal and its development, body plan, 
physiology, behavior and diseases have much in common with those of humans ; (ii) 
almost all (99%) mouse genes have homologs in humans ; and (iii) the mouse genome 
supports targeted mutagenesis in specific genes by homologous recombination in 
embryonic stem (ES) cells, allowing genes to be altered efficiently and precisely. 

(p. 921)(emphasis added). 

In addition, as pointed out by Doetschman, one clearly skilled in the art, {Laboratory 
Animal Science 49:137-143, 137 (1999)(copy attached), the phenotypes observed in mice do 
correlate to gene function: 
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The conclusions will be that the knockout phenotypes do, in fact, provide accurate 
information concerning gene function , that we should let the unexpected phenotypes lead 
us to the specific cell, tissue, organ culture, and whole animal experiments that are 
relevant to the function of the genes in question, and that the absence of phenotype 
indicates that we have not discovered where or how to look for a phenotype. 

(emphasis added). 

The Examiner maintains in the instant Office Action that use of the claimed mouse to 
determine gene function is not specific and/or substantial. 

The Examiner argues that studying the function of the targeted gene is not a specific 

utility because it is general to the class of knockout mice. Applicant respectfully disagrees with 

the Examiner's conclusions. The utility of determining the function of the mTMT is specific to 

the claimed mouse comprising a null mTMT allele. In describing the guidelines for determining 

whether a utility is specific, the MPEP states: 

A "specific utility" is specific to the subject matter claimed. This contrasts with a 
general utility that would be applicable to the broad class of the invention. 
Office personnel should distinguish between situations where an applicant has 
disclosed a specific use for or application of the invention and situations where 
the applicant merely indicates that the invention may prove useful without 
identifying with specificity why it is considered useful. For example, ... a claim 
to a polynucleotide whose use is disclosed simply as a "gene probe" or a 
chromosome marker" would not be considered to be specific in the absence of a 
disclosure of a specific DNA target . A general statement of diagnostic utility, 
such as diagnosing an unspecified disease, would ordinarily be insufficient absent 
a disclosure of what condition can be diagnosed. Contrast the situation where an 
applicant discloses a specific biological activity and reasonably correlates that 
activity to a disease condition. Assertions falling within the latter category are 
sufficient to identify a specific utility for the invention . Assertions that fall in the 
former category are insufficient to define a specific utility for the invention, 
especially if the assertion takes the form of a general statement that makes it clear 
that a "useful" invention may arise from what has been disclosed by the 
applicant. 

(MPEP 2107.01, 1) (emphasis added, emphasis in original) Thus, the claimed invention 
satisfies the requirements set forth for a specific utility because 1) the specification describes 
specifically why the invention is useful; and 2) the specification discloses specific biological 
properties reasonably correlated to a disease condition. This is not a case where Applicant has 
generally discussed a utility that may arise, but has asserted that the invention is useful for 
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investigating the function of the mTMT gene, particularly as it relates to the phenotypes claimed. 
The asserted utility would be considered specific and credible by a person skilled in the art. 

The Examiner argues that this use is not substantial because it would require further 
research to identify or reasonably confirm this utility. Applicant respectfully disagrees. 

First, it is wholly untrue that further research is required in order to confirm the utility of 
the claimed mouse in determining the function of the mTMT gene. The value of knockout mice 
in determining gene function is well-established and accepted in the art. This is demonstrated by 
the references cited above. The Examiner has failed to provide sufficient factual support for the 
position that it is more likely than not that a person of skill in the art would doubt that 
Applicant's asserted utility is specific and substantial, which is the standard for establishing a 
prima facie case. See MPEP § 2107.02, IV. 

Second, Applicant is claiming a transgenic mouse , and not the mTMT gene or nucleic 
acid sequence. Applicant suggests that the Examiner needs to differentiate between the utility of 
the transgenic mouse and the utility of the target gene. " The claimed invention is the focus of 
the assessment of whether an applicant has satisfied the utility requirement." (MPEP 2107.02, 1) 
That the claimed transgenic mouse can be used in a research setting to further characterize the 
mTMT gene does not mean that the mouse lacks patentable utility. Further characterization 
(involving "basic research") of the mouse itself is not necessary in order to confirm its utility in 
studying the function of the mTMT gene. 

Applicant believes the Examiner is improperly applying the MPEP definition for a 

"substantial utility" in this rejection. This section of the MPEP states: 

A "substantial utility" defines a "real world" use. Utilities that require or 
constitute carrying out further research to identify or reasonably confirm a "real world" 
context of use are not substantial utilities. ... the following are examples of situations 
that require or constitute carrying out further research to identify or reasonably confirm a 
"real world" context of use and, therefore, do not define "substantial utilities": 

(A) Basic research such as studying the properties of the claimed product itself or 
the mechanisms in which the material is involved; 

Office personnel must be careful not to interpret the phrase "immediate benefit to 
the public" or similar formulations in other cases to mean that products or services based 
on the claimed invention must be "currently available" to the public in order to satisfy the 
utility requirement . See, e.g., Brenner v. Manson, 383 U.S. 519, 534-35, 148 USPQ 689, 
695 (1966). Rather, any reasonable use that an applicant has identified for the invention 
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that can be viewed as providing a public benefit should be accepted as sufficient, at least 
with regard to defining a "substantial" utility . 



(MPEP § 2107.01 I)(emphasis added). 
The MPEP additionally provides: 

Office personnel must distinguish between inventions that have a specifically 
identified substantial utility and inventions whose asserted utility requires further 
research to identify or reasonably confirm . Labels such as "research tool/' 
"intermediate" or "for research purposes" are not helpful in determining if an 
applicant has identified a specific and substantial utility for the invention. 

(MPEP § 2107.01, I). Thus, the portions of the MPEP guidelines referred to by the 
Examiner relate to the situation where further research is required to establish or confirm any 
utility . Such is not the case here. As acknowledged by the Examiner in the instant Office 
Action, knockout mice have a well-known use to study gene function (citing Smyth, see p. 13 of 
the Office Action). In the present case, the present invention does not require further research to 
establish a utility . Applicant has determined that the mTMT gene is associated with prepulse 
inhibition, a deficit in which is strongly associated with schizophrenia (in humans), as well as 
with abnormal body weight or weight gain. The Applicant has provided an immediate benefit to 
the public. Whether additional research is required to identify drugs capable of targeting the 
mTMT protein or gene is not relevant to whether the claimed invention has satisfied the utility 
requirement. 

With regard to the utility of an invention used in a research setting, the Examiner has 
argued that scientific use of the mouse does not impart patentable utility on the invention, and 
that the asserted utility "amounts to using the animal as an object of use-testing." The Examiner 
cites Brenner v. Manson for stating that a patent "is not a reward for the search, but 
compensation for its successful completion." Applicant submits that the instant invention is not 
merely a search for a potential utility, but is successful completion of the claimed invention. 
Applicant reduced to practice a transgenic mouse with a null mTMT allele, which mouse 
exhibits a specific set of phenotypes, and which the Applicant has asserted is useful for 
investigating the role of mTMT in these phenotypes, and in disease conditions associated with 
the phenotypes, such as schizophrenia. As noted above, this utility does not relate to discovering 
a "real world" utility for the mouse. Such a utility has already been established. 
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Furthermore, Applicant submits that because of the well-established utility of knockout 
mice in determining gene function, the asserted utility goes beyond contributing to the fund of 
scientific knowledge and rises to a patentable utility satisfying the requirements of section 101. 
According to the MPEP, if an " assertion would be considered credible by a person of ordinary 
skill in the art , do not impose a rejection based on lack of utility " (MPEP § 2107, II (A)(3); II 
(B)(1)). A person skilled in the art would certainly regard the asserted utility as credible. 
Nothing more is required to satisfy the statutory requirement of patentability. 

The Examiner argues that a mouse comprising a disrupted allele is not necessarily useful 
to study the function of the disrupted gene. The Examiner cites Olsen for the proposition that a 
knockout phenotype does not necessarily reflect a role for the target gene or protein because 
other proteins may compensate to cause the phenotype, arguing that Applicant has failed to 
demonstrate that the phenotypes "are a direct result of the ablated gene." 

Olsen is clearly unsupportive of the Examiner's position . As even cited by the Examiner, 
Olsen states that "gene targeting is useful in delineating the contribution of a given gene product 
to phenotypic characteristics" even though " some gene knockouts lead to embryonic or perinatal 
lethality, and others lead to no apparent phenotype" (emphasis added). In fact, even with respect 
to GABA genes, Olsen concludes that " the use of mutant and knockout mice has aided 
understanding of the roles of GAD and GABAR in the intact mammalian organism, with much 
promise for additional information to come " (Olsen at 91). Even with respect to mice having 
increased lethality, Olsen states: "[t]he 72 and /33 subunit knockouts are associated with early 
postnatal lethality but have nonetheless provided considerable new information about their 
importance, include relevance to neurodevelopment, synaptogenesis, and possibly human 
disease. The 03 is a strong candidate for involvement in the epilepsy and other phenotypic 
attributes of Angelman syndrome, a human genetic disorder characterized by mental retardation, 
seizures, motor incoordination, and sleep disturbances. The j2L knockout has allowed direct 
testing and negation of the selective subunit hypothesis for ethanol modulation of GABAR 
function. The 8 subunit knockout appears to provide information about the function of GABAR 
in adult cerebellum, dentate gyrus of the hippocampal formation, and the thalamus . GAD^ 
GABAR 03, and GABAR 8 subunit knockouts all exhibit spontaneous seizures, but of different 
sorts, confirming suspicions that GABAR malfunction might produce epilepsy by more than one 
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mechanism and providing excellent animals models for investigation of the cause of the seizure 
phenotype ." (Olsen at 91-2). 

Olsen goes further: "[i]n summary, transgenic and knockout mice have demonstrated that 
GAB A plays a major role in brain development , control of palate formation, and epileptogenesis 
via multiple mechanisms." (Olsen at 92). It is untenable to cite Olsen as standing for the 
proposition that knockout mice do not have a well accepted use. 

In the present case, the claimed mTMT null mouse in fact demonstrated phenotypes. 
Olsen would agree that such mice are clearly useful. 

Clearly, the use of knockout mice to determine gene function would be considered a 
utility that promotes the useful arts, which is one purpose of the utility requirement (See MPEP 
2107.01). Even the MPEP guidelines state that the "courts have been reluctant to uphold a 
rejection under 35 U.S.C. 101 solely on the basis that the applicant's opinion as to the nature of 
the specific and substantial utility was inaccurate ." (MPEP 2107.01, 1). Once an applicant has 
asserted a specific and substantial utility (that the claimed invention is useful for a particular 
practical purpose, as in the present case), the Examiner next needs to determine whether the 
assertion is credible to a person of ordinary skill in the art. Applicant reminds the Examiner that 
"an assertion is credible unless (A) the logic underlying the assertion is seriously flawed, or (B) 
the facts upon which the assertion is based are inconsistent with the logic underlying the 
assertion," neither of which is true here (MPEP 2107.02, 111(B)). 

In summary, Applicant submits that the claimed transgenic mouse, regardless of any 
disclosed phenotypes, has inherent and well-established utility in the study of the function of the 
mTMT gene, and thus satisfies the utility requirement of section 101. Moreover, Applicant 
believes that the transgenic mice meet the standards for an asserted specific and substantial 
utility, in that they are useful for studying the role of mTMT in body weight and prepulse 
inhibition; and for studying gene expression, and are therefore useful for a specific practical 
purpose that would be readily understood and considered credible by one of ordinary skill in the 
art. 

In light of the arguments set forth above, Applicant does not believe that the Examiner 
has properly made a prima facie showing that establishes that it is more likely than not that a 
person of ordinary skill in the art would not consider any utility asserted by the Applicant to be 
specific and substantial. {In re Brana; MPEP § 2107). 
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Any aspect of the Examiner's rejection not specifically addressed has been overcome 
and/or rendered moot by the arguments set forth above and amendments to the claims. 
Withdrawal of the rejections is respectfully requested. 

Rejection under 35 U.S.C § 11 2, first paragraph 

The Examiner has maintained the rejection of claim 32 under 35 U.S.C. § 112, first 
paragraph, as failing to comply with the written description requirement. Specifically, claim 32 
still encompasses a cell comprising a disruption other than the null disruption disclosed in the 
specification. Claim 32 has been amended accordingly to overcome the rejection. 

Applicant submits that the pending claims fully meet the requirements set forth in the 
first paragraph of 35 U.S.C. § 1 12. Applicant respectfully requests withdrawal of the rejection. 

Rejection under 35 U.S.C. § 112, second paragraph 

Claim 29 stands rejected under 35 U.S.C. § 1 12, second paragraph, based on the ground 
of indefmiteness. 

The claim is rejection for reciting in step (b) that "the pseudopregnant mouse generates". 
Applicant disagrees with the Examiner. The claim was previously rejected based on reciting that 
"the pseudopregnant mouse gives birth to the chimeric mouse." Contrary to the Examiner's 
statements, as shown in the literature (for example, Molecular Biology of the Cell (Albert, 4 th 
ed., Garland Science (2002)(p. 542, Figure 8-70)(copy of relevant page attached)), the. 
pseudopregnant female does give "birth" to the chimeric mouse. This terminology would be 
clearly understood by one skilled in the art. However, the claim has been amended to adopt the 
Examiner's recommended terminology. Applicant requests withdrawal of the rejection. 

Rejection under 35 U.S.C § 103(a) (New Grounds) 

Claims 24, 29, 30, 32 and 34-37 have been rejected under 35 U.S.C. § 103(a) as being 
unpatentable over Wong et al 9 (1999) J. Biol Chem. 21 A: 30784-30793, and Smyth et al f 
(1996) J. Leukocyte Biol 60: 555-562 in view of Capecchi, (1989) Trends in Genetics 5: 70-76. 
Applicant respectfully traverse the rejection 



18 



Wong is cited for teaching the nucleotide sequence for the mouse mTMT gene. Wong, as 
noted by the Examiner, fails to teach the claimed targeting construct or that such a construct 
should be used to generate the claimed transgenic mouse. 

Smyth is cited for teaching a family of granzymes, a family of serine proteases, and 
allegedly provides the motivation to create the claimed targeting construct and knockout mouse. 
Smyth fails to teach the specific mTMT gene targeting construct or knockout mouse claimed. 

Capecchi is cited for teaching methods of generating targeted disruptions in mice using 
targeting constructs and methods similar to those recited in the instant claims. However, 
Capecchi specifically describes disruption of the hprt gene and int-2 proto-oncogene, and does 
not describe the presently claimed mTMT knockout mouse with the recited phenotypes. 

Claim 24, as amended, is drawn to a transgenic mouse whose genome is homozygous for 
a null mTMT allele, said allele comprising exogenous DNA, said transgenic mouse exhibiting, 
relative to a wild-type mouse, at least one of the following: decreased body weight; decreased 
thymus weight; decreased thymus weight to body weight ratio; or increased prepulse inhibition 

The MPEP states that: 

"[t]o establish a proper prima facie case of obviousness, three basic 
criteria must be met. First, there must be some suggestion or 
motivation, either in the references themselves or in the knowledge 
generally available to one of ordinary skill in the art, to modify the 
reference or to combine reference teachings. Second, there must be a 
reasonable expectation of success. Finally, the prior art reference (or 
references when combined) must teach or suggest all the claim 
limitations." 

(MPEP § 2142 citing In re Vaeck , 947 F.2d 488, 20 USPQ2d 1438 (Fed. Cir. 1991)). 

The disclosures of Wong, Smyth and Capecchi, alone or in combination, fail to teach 
each and every limitation as recited in the claims. Specifically, the combined references fail to 
teach a transgenic mouse whose genome comprises a null mTMT allele, wherein the transgenic 
mouse exhibits decreased body weight; decreased thymus weight; decreased thymus weight to 
body weight ratio; or increased prepulse inhibition, methods of producing the mouse and 
targeting constructs used to produce the null allele. As such, the references are deficient in the 
requirements for a prima facie case of obviousness. Withdrawal of the rejection is respectfully 
requested. 
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In view of the above amendments and remarks, Applicant respectfully requests a Notice 
of Allowance. If the Examiner believes a telephone conference would advance the prosecution 
of this application, the Examiner is invited to telephone the undersigned at the below-listed 
telephone number. 

The Commissioner is hereby authorized to charge any deficiency or credit any 
overpayment to Deposit Account No. 13-2725. 



Respectfully submitted, 





Date 



PATENT TRADEMARK OFFICE 
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John E. Burke, Reg. No. 35,836 
Merchant & Gould P.C. 
P.O. Box 2903 

Minneapolis, MN 55402-0903 
(303) 357-1637 
(303) 357-1671 (fax) 
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Background on Mouse as a Model Organism 

Over the past century, the mouse has developed into the premier mammalian model system 
for genetic research. Scientists from a wide range of biomedical fields have gravitated to the mouse 
because of its close genetic and physiological similarities to humans, as well as the ease with which 
its genome can be manipulated and analyzed. 

Although yeasts, worms and flies are excellent models for studying the cell cycle and many 
developmental processes, mice are far better tools for probing the immune, endocrine, nervous, 
cardiovascular, skeletal and other complex physiological systems that mammals share. Like humans 
and many other mammals, mice naturally develop diseases that affect these systems, including 
cancer, atherosclerosis, hypertension, diabetes, osteoporosis and glaucoma. In addition, certain 
diseases that afflict humans but normally do not strike mice, such as cystic fibrosis and Alzheimer's, 
can be induced by manipulating the mouse genome and environment. Adding to the mouse's appeal 
as a model for biomedical research is the animal's relatively low cost of maintenance and its ability to 
quickly multiply, reproducing as often as every nine weeks. 

Mouse models currently available for genetic research include thousands of unique inbred 
strains and genetically engineered mutants. There are mice prone to different cancers, diabetes, 
obesity, blindness, Lou Gehrig's disease, Huntington's disease, anxiety, aggressive behavior, 
alcoholism and even drug addiction. Immunodeficient mice can also be used as hosts to grow both 
normal and diseased human tissue, a boon for cancer and AIDS research. 

In the early days of biomedical research, scientists developed mouse models by selecting and 
breeding mice to produce offspring with the desired traits. Researchers also learned to produce 
useful, new models of genetic disease quickly and in large numbers by exposing mice to DNA- 
damaging chemicals, a process known as chemical mutagenesis. 

In recent decades, researchers have utilized an array of innovative genetic technologies to 
produce custom-made mouse models for a wide array of specific diseases, as well as to study the 
function of targeted genes. One of the most important advances has been the ability to create 
transgenic mice, in which a new gene is inserted into the animal's germline. Even more powerful 
approaches, dependent on homologous recombination, have permitted the development of tools to 
"knock out" genes, which involves replacing existing genes with altered versions; or to "knock in" 
genes, which involves altering a mouse gene in its natural location. To preserve these extremely 
valuable strains of mice and to assist in the propagation of strains with poor reproduction, researchers 
have taken advantage of state-of-the-art reproductive technologies, including cryopreservation of 
embryos, in vitro fertilization and ovary transplantation. 

The Jackson Laboratory, a publicly supported national repository for mouse models in Bar 
Harbor, Maine, has played a crucial role in the development of the mouse into the leading model for 
biomedical research. Established in 1929, the non-profit center pioneered the use of inbred laboratory 
mice to uncover the genetic basis of human development and disease. In fact, the famous "Black 6" 
or C57BL/6J mouse strain whose genome is the focus of the landmark sequencing effort was 



developed in the early 1920s by The Jackson Laboratory founder Clarence Cook Little. 

Today, researchers at The Jackson Laboratory pursue projects in areas that include cancer, 
development and aging, immune system and blood disorders, neurological and sensory disorders, and 
metabolic diseases. Informatics researchers work with the public sequencing consortium to curate 
and integrate the sequenced mouse genome data with the wealth of biological knowledge collected in 
Jackson's Mouse Genome Informatics resource. 

In addition, The Jackson Laboratory distributes 2,700 different strains and stocks as breeding 
mice, frozen embryos or DNA samples. In FY 2002 alone, the lab supplied approximately 2 million 
mice to the international scientific community. 

Listed below is a sampling of mouse models developed and/or distributed by The Jackson 
Laboratory, along with brief descriptions of the human diseases they are helping scientists to 
understand: 

• Down Syndrome - One of the most common genetic birth defects in humans, 
occurring once in every 800 to 1,000 live births, Down syndrome results from an extra copy of 
chromosome 21, an abnormality known as trisomy. The Ts65Dn mouse, developed at The Jackson 
Laboratory, mimics trisomy 21 and exhibits many of the behavioral, learning, and physiological 
defects associated with the syndrome in humans, including mental deficits, small size, obesity, 
hydrocephalus and thymic defects. This model represents the latest and best improvement of Down 
syndrome models to facilitate research into the human condition. 

• Cystic Fibrosis (CF) - The Cftr knockout mouse has helped advance research into 
cystic fibrosis, the most common fatal genetic disease in the United States today, occurring in 
approximately one of every 3,300 live births. Scientists now know that CF is caused by a small 
defect in the gene that manufactures CFTR, a protein that regulates the passage of salts and water in 
and out of cells. Studies with the Cftr knockout have shown that the disease results from a failure to 
clear certain bacteria from the lung, which leads to mucus retention and subsequent lung disease. 
These mice have become models for developing new approaches to correct the CF defect and cure 
the disease. 

• Cancer - The p53 knockout mouse has a disabled Trp53 tumor suppressor gene that 
makes it highly susceptible to various cancers, including lymphomas and osteosarcomas. The mouse 
has emerged as an important model for human Li-Fraumeni syndrome, a form of familial breast 
cancer. 

• Glaucoma - The DBA/2J mouse exhibits many of the symptoms that are often 
associated with human glaucoma, including elevated intraocular pressure. Glaucoma is a debilitating 
eye disease that is the second leading cause of blindness in the United States. 

• Type 1 Diabetes - This autoimmune disease, also known as Juvenile Diabetes, or 
Insulin Dependent Diabetes Mellitus (IDDM), accounts for up to 10 percent of diabetes cases. Non- 
obese Diabetic (NOD) mice are enabling researchers to identify IDDM susceptibility genes and 
disease mechanisms. 

• Type 2 Diabetes - A metabolic disorder also called Non-Insulin Dependent Diabetes 
Mellitus (NIDDM), this is the most common form of diabetes and occurs primarily after age 40. The 
leading mouse models for NIDDM and obesity research were all developed at The Jackson 
Laboratory: Cpef a \ Lep ob , Lepr db and tub. 

• Epilepsy - The "slow-wave epilepsy," or swe, mouse is the only model to exhibit both 
of the two major forms of epilepsy: petit mal (absence) and grand mal (convulsive). It shows 
particular promise for research into absence seizures, which occur most often in children. 

• Heart Disease - Elevated blood cholesterol levels and plaque buildup in arteries within 



three months of birth (even on a low-fat diet) are characteristics of several experimental models for 
human atherosclerosis: the Apoe knockout mouse and C57BL/6J. 

• Muscular Dystrophy - The Dmd mdx mouse is a model for Duchenne Muscular 
Dystrophy, a rare neuromuscular disorder in young males that is inherited as an X-linked recessive 
trait and results in progressive muscle degeneration. 

• Ovarian Tumors - The SWR and SWXJ mouse models provide excellent research 
platforms for studying the genetic basis of ovarian granulosa cell tumors, a common and very serious 
form of malignant ovarian tumor in young girls and post-menopausal women. 

Contact: Geoff Spencer NHGRI Phone: (301) 402-0911 
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The Knockout Mouse Project 



Mouse knockout technology provides a powerful means of elucidating gene function in vivo, and a publicly available 
genome-wide collection of mouse knockouts would be significantly enabling for biomedical discovery. To date, published 
knockouts exist for only about 10% of mouse genes. Furthermore, many of these are limited in utility because they have 
not been made or phenotyped in standardized ways, and many are not freely available to researchers. It is time to harness 
new technologies and efficiencies of production to mount a high-throughput international effort to produce and 
phenotype knockouts for all mouse genes, and place these resources into the public domain. 



Now that the human anil mouse genome 
sequences are known attention has turned 
to elucidating gene function and identifying 
gene products that might have therapeutic 
value. The laboratory mtH«e (Afw tttt&atlus) 
has had a prominent role in the tfudy of 
human disease mechanisms throughout the 
rich* 1 00- year history of classical moose genet- 
ics, exemplified by the lessons learned from 
naturally occurring mutants such as agouti 4 , 
redei 5 and obese 6 . The large-scale production 
and analysis of induced genetic mutations in 
worms, [Iks, zebrafish and mice have greatly 
accelerated the understanding of gene function 
in these organhnu. Among the model organ- 
isms, the mouse offers particular advantages 
for the study of human biology and disease: (i) 
the mou« is a mammal and its develop ment, 
body plan, physiology, behavior and diseases 
have much in common with those of humans; 
(ii) almost all (99%) mouse genes have 
homoJogs in humaru; and (Hi) the mouse 
genome supports targeted mutagenesis in spe- 
cific genes by homologous recombinajjon In 
embryonic stem ( ES) cells, allowing gen» to be 
altered efficiently and precisely. 

The ability to disrupt, or knock out, a spe- 
cific gentf in ES cells and mice was developed 
in the late 1980s i ret. 7), and the use of knock- 
out mice has ted to many insights into human 
biology and disease*" 1 '. Current technology 
a3so permits insertion of 'reporter ' gene* into 
the knocked -out gene, which can then be 
used to determine the temporal and spatial 



The Campfthcmiv? fGrmtkout Mouse 
Project Consortium* 

* Authors and dteir affiliations art listed at the 
end of the paper. 



expression pattern of the knocked-out gene in 
mouse tissues. Such marking of ceils by a 
reporter gene facilitates the Identification of 
new cell types according to their gene expres- 
sion patterns and allows further characteriza- 
tion of marked tissues and single cells. 

Appreciation of the power of mouse genet* 
ics to inform the study of mammalian physi- 
ology- and disease, coupled with the advent of 
the mouse genome sequence and the ease of 
producing mutated allele^ has catalyzed pub- 
lic and private sector initiatives to produce 
mouse mutants on a large scale, with the goal 
of eventually knocking out a substantia) por* 
tion of the mouse genome l2 * L \ l,arge*scale, 
publicly funded gene- trap program* have 
been initiated in several countries, with the 
International Gene Trap Consortium coordi- 
nating certain efforts and resources 1 ** 17 . 

Despite these eiYorts, the total number of 
knockout mice described in the literature is 
relatively modest, corresponding to only -10% 
of the -25,000 mouse genes. The curated 
Mouse Knockout Be Mutation Database lists 
2,669 unique genes fC Rathbone, personal 
communication), die curated Mou« Genome 
Database lists 2.EW7 unique genes* and an 
analysis at Lexicon Genetics identified 2,492 
unique genes (B.&, unpublished data). Most 
of these knockouts are not readily available to 
scientist* who may want to use them in their 
research; for example, only 415 unique gene* 
are represented as targeted mutations in the 
Jackson Laboratory's Induced Mutant 
Resource database (S. Rockwood, personal 
communication). 

The converging interests of multiple mem* 
beri of the genomics community ted to a meet- 
ing to discuss the advisability and feasibility of 



a dedicated project to produce knockout alleles 
for all mouse genes and place them into the 
public domain. The meeting took place from 
30 September to I October 2003 at the 
Banbury Conference Center at Cold Spring 
Harbor Laboratory. The attendees of the meet- 
ing are die authors of this paper. 

is a systematic project warranted? 

A coordinated project to systematically knock 
out all mouse genes is Ukeiy to be of enormous 
benefit to the research community, given the 
demonstrated power oilmockout mice to eluci- 
date gene function, the frequency of uitpre- 
dieted phenotypes in knockout mice, the 
potential economies of scale in an organised 
and carefully planned project, and the high cost 
and lack of availability of knockout mice being 
made in current effort*. Moreover, implement- 
ing such a systematic and comprchemive plan 
will greatly accelerate the translation of genome 
sequences into biological insights. Knockout ES 
cells and mice currently available from the pub- 
lic and private sectors should be incorporated 
into the genome-wide initiative as much as 
possible, although some may be need to be pro- 
duced again if they were made with suboptimal 
methods not including a marker) or if 
their use is restricted by intellectual property or 
other constraints. The advantages of such a sys- 
tematic and coordinated effort include efficient 
production widi reduced costs; uniform use of 
knockout method*, allowing for more compa- 
rability between knockout mice; and ready 
access to mice, their derivatives and data to all 
researchers without encumbrance* Solutions to 
the logistical, organizational and informatics 
issues associated with producing, characteriz- 
ing and distributing such a large number of 
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Figure 1 Structure of resource production in the proposed KOWP. Using the mouse genome sequence 
as 3 foundation, knockout alleles in ES celfs wll be produced For ail genes. A subset ct ES eel! 
knoctatrts Mill be used each year to produce knockout mice, Cetermifve t*ie expression pattern of the 
targeted gene in a variety of tissues and cany cut screening-level (Tier 1 J phenotyping. In a subset of 
mouse tines, ttanscriptotne analysis and more detailed system-spec tile (Tter 2} phenotyping will be 
done. Finally, specialized phenotyping wilt be done on a smaller number oi mouse lin«s with 
particularly interesting phe*i<rtyp«$. AH stages wiU occur within the purview of the KOMP except lor the 
specialized phenatyprng, which will occur in individual laboratories with panic utar expertise. 



mice will draw from the experience of related 
projects In the private sector and in academta, 
which have made or phenoryped hundreds of 
knockout mice ussng a variety of techniques. 
Lessons learned from these prefects include the 
need for redundancy at each step to mitigate 
pipeline bottlenecks and the need for robust 
informatics systems to track, the production, 
analysis, maintenance and distribution of thou- 
sands of targeting constructs, ES cells and mite. 

NulUreporter allele* should be created 
The project should generate alleles that are 
as uniform as possible* to allow efficient pro- 
duction and comparison of mouse pheno- 
tjfpes. The alleles should achieve a balance of 
utility, flexibility, throughput and cost. A 
null allele ti an indispensable starting point 
for studying die function of every gene. 
Inserting a reporter gene (e.g., (5-galaetosi- 
dase or green fluorescent protein) allows * 
rapid assessment of winch cell type* nor- 
mally support the expression of that gene. 
Therefore, we propose to produce a nuJl- 
reponer allele for each gene. Making each 
mutation conditional in nature by adding 
«>c1cmcnts hxP or FRT site*) would 



be desirable, but we do not advocate this as 
part of the mutagenesis strategy unless the 
technological limitations currently associ* 
ated with generating conditional Mrgered 
mutations on a large scale and in a cost- 
effective manner can be overcome, 

A combination of methods should He used 
Various methods can he used to create 
mutated alleles, including gene targeting r 
gene trapping and RKA interference. 
Advantages of conventional gene targeting 
include flexibility in design of alleles, lack of 
limitation to integrat ion hot spots* reliability 
for producing complete loss -of- function alk- 
ies, ability to produce reporter knock- ins and 
conditional alleles, and ability to target splice 
variants and alternative promoters. BAG- 
based taigcting has the potential advantages 
of higher recombination efficiencies and flex- 
ibility for producing complex mutated alle- 
les 15 . Gene trapping is rapid, is cost-effective 
and produce* a targe variety of tnscrtional 
mutations throughout the genome but can be 
somewhat less flexible 1 7J *~ 21 . There U uncer- 
tainty regarding the percentage of gene traps 
that produce a true null allele and the fraction 



of the genome that can ultimately be covered 
by gene -trap mutations. Trapping is not 
entirely random but shows preference for 
larger transcription units and genes more 
highly expressed in ES cells. In recent studies, 
gene trapping was estimated to potentially 
produce null alleles for 50-60% of all genes, 
perhaps more if a variety of gene-trap vectoti 
with different insertion charactcrilttcs is 
used 17 ' 21 . RNA interference otTers enormous 
promise for analysis of gene function in 
mice" but is not yet sufficiently developed for 
large-scale production of gene modifications 
capable of reliably producing true null alleles. 
Both gene-taTgeting and gene- trapping meth- 
ods are suitable for producing large numbers 
of knockout alleles, and, given their comple- 
mentary advantages, a combination of these 
methods should be used to produce the 
genome-wide collection of null -reporter alk- 
ies most efficiently. 

What should the deliverables be? 
A genome-wide knockout mouse project 
could deliver to the research community a 
trove of valuable reagents and data* including 
targeting and trapping constructs and vec- 
tors, mutant ES cell lines* live mice, frozen 
sperm, frozen embryos, phenotypic data at 3 
variety of levels and detail, and a database 
with data visualization and mining tools. At a 
minimum, we believe that a comprehensive 
genome-wide resource of mutant ES cell lines 
from an inbred strain, each with a different 
gene knocked out, should be produced and 
made available to the community. Choosing 
an inbred line {129/SvEvTac or C57BIV6I), 
and evaluating the alternative of using F, ES 
cells and tetraploid aggregation to provide 
potential time savings, merits additional sci- 
entific review and discussion^* 34 . ES cells 
should be converted into mice at a rate con- 
sistent with project funding and the ability of 
the worldwide scientific community to ana- 
lyze them. Although the value and cost-eflec- 
tiveness of systematically char&creming the 
mice is 3 matter of debate, a limited set of 
broad and cost* effective screens, probably 
including assessment of developmental 
lethality, physical examination, basic blood 
tests, and histochemtcal analysis of reporter 
gene expression, would be useful. More 
detailed phenotyping, based on findings 
from the initial screen or existing knowledge 
of the gene's function, could be done at spe- 
cial i/ed center*. All ES cell clones and mice 
(as frozen embryos or sperm) should be 
available to any researcher at minimal cost, 
and all mouse phenotyping and reporter 
expression data should be deposited into a 
public database. 
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In determining how to implement the pro- 
ject, utility to the research community should 
be the standard for judging value. Each step 
after ES cell generation (c&, mouse creation, 
breeding, expression analysis phenotypmg) 
will make the resource useful to more 
researches but will also increase costs and sci- 
entific complexly. We therefore advocate a 
'pyramid' structure for the project (Fig. 1), At 
the base of the py ramid is the genome-wide 
collection of mutant ES cell* for every mouse 
gene. Over time, a subset of these mutant ES 
cells should he made i nto in ice and character- 
ized with an initial phenotype screen (Tier t; 
Fig. U and analysis of tissue reporter-gene 
expression. A subset of (best line* should be 
profiled by mieroarray analysis* and a subset of 
these profiled by system- specific (Tier 2) phe- 
notyping, based on die results of the Tier I 
phenotyping, array studies, existing knowl- 
edge of the gene's function and the gene's tissue 
expression pattern. Willi time, the upper tiers 
of die pyramid will be filled out, eventually 
transforming the pyramid into a cube, with 
information of all types available for all genes, 

This project will require the resolution of 
numerous intellectual property claims involv- 
ing the production and use of knockout mice. 
To deal with the existing patents that cover 
the technologies and processes involved in the 
production of mutant mice* wc suggest that a 
'patent pool', such as that used in the semi- 
conductor industry 2 ', should be generated. 
Several individuals who represent entities that 
control patents on mouse knockout technolo- 
gies are authors on this paper, and they agree 
with this approach, We also agree that any 
mutant ES cells 01 mice produced should be 
placed immediately in the public domain. 

Mechanisms and costs 

ES celt production. Automated knockout 
construct and ES celt production should be 
carried out in coordinated centers to ensure 
efficiency and uniformity We estimate that 
most known mouse genes could be knocked 
out in ES cells within 5 years, using a combina* 
tion of gene 'trapping and gene* targeting tech* 
nimie*, One trapping can produce a large 
number of mutated alleles quickly, but its 
progress should be monitored closely to deter- 
mine when its yield of new genes <Umimshcs t7 
and, therefore, when targeting should be 
inaea&ingty relied on- As targe-scale trapping 
projects have already defi ned gene classes that 
probably cannot he knocked out by trapping 
single-exon GPQU, genes that ire not 
expressed in ES cells)* we propose that target- 
ing begin on those classes immediately, All £S 
cells should be made available to the research 
community, because this collection itself 



would be a valuable resource, Efforts in the 
public and private sectors have already 
knocked out many genes in ES cells* and, to the 
degree that the alleles produced fit the pre- 
scribed characteristics (i.e., null alleles with a 
reporter) and are available, every effort should 
be made to incorporate these into the planned 
public resource. Cost* for generating this part 
of the resource were estimated at between 
$9-1 1 million/year for five years (these and all 
subsequent figures are direct costs). 

Mouse production. The subset of ES ceUs 
made into mice each year should be chosen by 
a peer-review process. Central facilities for 
high-efficiency mouse production, genotyp- 
ing, breeding* maintenance and archiving 
should he funded, to take advantage of effi- 
ciencies of scale in mouse creation and distri- 
bution. Researchers could apply to produce 
groups of mice outtide the centers, as long as 
ihey meet the cost specifications of the pro* 
gram. Alt mice should be made available 
immediately to researchers as frozen embryos 
or sperm, for nominal distribution cost. An 
initial target of 500 new mouse lines per year 
would double the current rate at which new 
genes are knocked out in the public sector; we 
feel that this rate is within the capacity of the 
biomedical research community worldwide 
to absorb and analyze, We estimated the ini- 
tial cost of this tcvet of mouse production to 
be $ 1 2. 5- 15 million per year. 

Reporter tissue expression analysis. 
Approximately 30 tissues from adult and 
developmental stages should be sampled to 
cover the main organ systems. Analysis meth- 
ods should be customized to the organ system 
and marker, and a searchable database of the 
sites of gene expression, and the images show- 
ing them, should be produced Centers to 
carry out these analyses and data curation 
should be selected by peer review. We esti- 
mated the cost of Uus component for 500 
mouse lines to be $2.5-5 million per year, 
depending on how much tissue sectioning and 
ceil-level analysts is done. 

Phenotyping, Tier 1 phenotyping should 
be a low-cost screen for clear phenotypes and 
should be done on all mouse lines produced. 
Tier I should include home-cage observation, 
physical examination, blood hematological 
and chemistry proxies, and skeletal radi- 
ograph*, The centers producing the mice 
should carry out die Tier 1 analyses, at an esti- 
mated cost of $2.5 million per year for 500 
lines. Selected lines, chosen on the basis of 
findings from Tier I phenotyping, tissue 
expression patterns, mkroarray data and the 
scientific literature, should undergo more 
detailed and s^em-focused Tier 2 phenotyp- 
ing. Tier 2 phenotyping should be done in 



specialized phenotyping centers, akin to those 
already in operation for phenotyping of mice 
produced by ENU mutagenesis. Ail Tter 1 and 
Tier 2 phenotyping should be done on a uni- 
form genetic background by dedicated groups 
of Individuals in single locations, to facilitate 
consistency and cross- comparison of result* 
among different mouse lines, All Tier 1 and 
Her 2 phenotyping results should be 
deposi ted into a central project database freely 
accessible to the research community. More 
detailed and specialized phenotyping could be 
done by individual researchers in their own 
laboratories; deposition of this more detailed 
phenotype data would be encouraged 

Tr&n&criptome analysis. Transcrtptome 
profiling of tissues from cadi knockout line,, 
collected in a uniform way across aP mice and 
tissues and placed into a searchable relational 
database, would add substantially to the sci- 
entific value of the project j though it would 
also add considerably to its cost, 
Tratncriploinc analysis should therefore be 
done on a subset of mice, chosen by peer 
review; We estimate that, with the best cur- 
rently available array technology, an analysis 
often tissues would cost -$ 18*000 per line. 

ConcEusions 

This project, tentatively named the Knockout 
Mouse Project (KOMP), will be a crucial step 
in harnessing the power of the genome to 
drive biomedical discovery By creating a 
publicly available resource of knockout mice 
and phenotypic data, KOMP will knock 
down barriers for biologists to use mouse 
genetics in their research. The scientific con' 
sensus that wc achieved — that a dedicated 
project should be undertaken to produce 
mutant mice for all genes and place them 
into the public domain — is important but is 
only the beginning, Implementation of these 
recommendations will require additional 
input from the greater scientific community, 
inctuding those responsible for program- 
matic direction and financial support of bio- 
medical research in the public and private 
sectors. This ambitious and historic initiative 
must be carried out as a collaborative effort 
of the worldwide scientific community, so 
that all can contribute their skills, and all can 
benefit. International discussions among sci* 
entitle and programmatic staffs since the 
Banbury meeting at Cold Spring Harbor* in 
both the public and private sectors, have 
shown that there is great enthusiasm and 
commitment to this vision. The next step for 
KOMP will be to move this visionary plan 
from conceptualization to implementation, 
with an urgency befitting the benefits it will 
bring to science and medicine. 
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URU, 'Hit turned Mou»e Knockout & Mubiiioa 
DatabasL* u avasbhEe at hiipj7rcsearth.bmji.vom/ 
mkrod/. The curitcd Mouse Genome l>a<ub*5« is 
tiva'ilaMr at http://www.in format tet4ix.or$/. Patent 
poalr A solution to the problem of access in biorctii- 
no&$)' pttwnis? it available ai Http:tfwww.uspto. 
gnvVweiVofTicCT/pjc/dapij/opJi/ patentpoot.pdf. 
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Special Topic Overview 

Interpretation of Phenotype in 
Genetically Engineered Mice 



Thames Doctschman 

Background and Purpose: In mice, genetic engineering involves two general approaches— addition of an ex- 
ogenous gene, resulting in transgenic mice, and use of knockout mice, which have a targeted mutation of an 
endogenous gene. The advantages of those approaches is that questions can be asked about the function of a 
particular gene in a living mammalian organism, taking into account interactions among cells, tissues, and 
organs under normal* disease, injury, and stress si tuations. 

Methods: Review of the literature concentrating principally on knockout mice and questions of unexpected 
phenotypes, lack of phenotype, redundancy, and effect of genetic background on phenotype will be discussed. 

Conclusion: There Is little gene redundancy in nmmrnab; knockout phenotypes exist even if none are imme- 
diately apparent; and investigating phenotypes in colonies of mixed genetic background may reveal not only 
more phenotypes, but also may lead to better understanding of the molecular or cellular mechanism underly- 
ing the phenotype and to discovery of modifier gene(s). 



One often hears the comment that genetically engineered 
mice, especially knockout; mice, are not useful because they 
frequently do not yield the expected phenotype. or they doat 
seen) to have any phenotype. These expectations are often 
based on years of work, and in some instances, thousands of 
publications of mostly m vitro studies. Examples of unex- 
pected phenotypes, based largely on experience with trans- 
forming growth factor beta (Tgfb) and basic fibroblast 
growth factor {fig ft} knockout and transgenic mice* will be 
presented to discuss possible reasons for unexpected knock- 
out phenotypes. The conclusions will be that the knockout 
phenotypes do, in fact, provide accurate information Con- 
cerning gene function, that we should let the unexpected 
phenotypes lead us to the specific cell, tissue, organ culture, 
and whole- animal experiments that are relevant to the func- 
tion of th« genes in question, and that the absence of pheno* 
type indicates that we have not discovered where or how to 
look for a phenotype. 

Before entering into how one should interpret unexpected 
knockout phenotypes and how one should deal wtth lack of 
knockout phenotypes, it is necessary to give a brief introduc- 
tion into how knockout mice are made. For detailed informa- 
tion, the following reviews aTe suggested (1-41 Transgenic 
technology has had h long history; thus, an introduction to 
that technology will not be given here. Rather; the following 
reviews are suggested (5, 6). At this juncture, it should be 
noted that, although transgenic vertebrates ranging from 
fish to bovids have been produced, knockout technology has 
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to date been successful only in mice, even though embryonfr 
stem (BS) cells have been produced froiw several other spe 
cies, including hamster (7), rat (6), rabbit (9, 10), pig < U-l3) : 
bovine {14, to), and zebransh {16}. Consequently, the entire 
discussion will be focused on mice. 

Knockout mice are generated by the injection of geneti- 
cally engineered or gene-targeted ES cells into a mouse bias 
tocyst to generate a chimeric embryo, which in turn can past 
on the engineered gene to its offspring. ES cell lines are es- 
tablished from the inner cell mass of a mouse blastocyst, s< 
that when injected into blastocysts, the ES cells can incor 
porate into the inner cell muss of the recipient blastocysts 
thereby chimerizing them. Subsequent to transfer of the chi 
merit blastocysts into uteri of pseudopreguant mice, chi 
meric mice are bom. If the germline of a chimeric mouse ii 
colonized by cells derived from the injected ES cells, the chi- 
mera is termed a "germline" chimera. Some of the offspring 
of the garmline chimeras will then carry the engineeret 
gene in their genomes. Gene targeting in ES ceils uses tht 
ES cells' DNA repair apparatus to bring about homologous 
recombination between an exogenous DNA fragment trans 
fected into the ES cell and Us homologous region in the ge 
name. Homologous recombination usually results ti 
replacement of the endogenous region with the exogenou! 
fragment, thereby altering the endogenous gene in i 
prespecified manner. There are many variations on shis pro 
ceil urc by which genes can be altered not only to ablate func 
tion { but also to make more subtle mutations (17-1.9). Sucl 
procedures can be used to introduce point mutations, re 
move specific splicing products, switch isofbrms, and human 
tza genes. In addition, technology has recently beei 
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developed to make conditional and inducible knockouts in 
which genu function is ablated either in a developmentaUy 
specified tissue {20-22) or in an inducible manner (23-261 
These techniques, though exciting, will not be further dis- 
cussed. 

Extensive nonrodundancy in the TOI^ family: Scv- 
era! thousand cell culture studies on the three mammalian 
transformiiig growth factor beta proteins {TGFJte I. 2, and 3) 
have implicated these growth and differentiation factors in 
the function of nearly every cell type studied. Expression 
studies indicated unique and overlapping expression of the 
three TGF&s (27, 28). For example, overlapping protein local- 
ization was found in all gut 1 eptthelia, all layers of the skin, all 
three muscle types, kidney tubules, lung bronchi, curtilage, and 
bones (Tabic 1), Together with the fact that all three TGFfis sig- 
nal through a common TGF type-II receptor (Figure 1>„ these 
data strongly suggest considerable redundancy in function. 
Consequently, it is surprising that, of the >30 phenotypes of the 
th ree Tgfb knockout mice that we have described (29-31X none 
appear to be overlapping (Table 2), Those results indicate ex- 
tensive nonredundaacy between TGFp ligands even though 
there is considerable overlap m expression. Of course, these re- 
sults do not rule out the possibility of soma redundancy in some 
tissues. Combination of the ligand knockouts would uncover 
such situations, and it is likely that a few will exist, but 30 non- 
overlapping phenotypes Tor three ligands strongly suggests 
thai a vast number of their functions arc not redundant. 

There ai^e several possible explanations fbr how there can 
be so much overlap in ligand expression and yet so much 
specific ligand function. First, TGFfJs are secreted as latent 
peptides and must be activated before they can bind recep- 
tors (32-35), The mechanism by which this extracellular 
processing occurs is not welt understood and may be differ- 
ent for each TGFp. Hence, ligand processing presumably de- 
termines some functional specificity for the three TGFfts. 
Second, there is a third type of TGFp receptor, TGF£B3 r that 
can interact with ligand and receptor types I and II before 
cytoplasmic signaling can occur, though involvement of 
TGFpR3 is not essential ibr signaling ('36-38). Association 
with type III receptee is thought to enhance some TGFfiRl 
and 2/ligand interactions. Upon ligand binding, the serine/ 
threonine receptor TGF|MR2 then associates with and phos- 
phorylates the transmembrane serine/threonine receptor 
TGFpEl, which in turn initiates a phosphorylation-medi- 
eted signaling cascade. Hence, combinatorial reccptc-r/ligand 
interactions will also determine functional specificity Third, 
signaling from TGFpRi can occur through two cytoplasmic 
signaling proteins called SMAD2 and 3 (39, 40) and, per- 
haps, through a third called SMAD5 (41). In addition, 
SMAD6 and 7 can also interact with the other SMADs to in- 
hibit signaling (42-44). Hence, differential SMAD protein 
interactions with transcriptional machinery will probably 
also determine functional specificity for the three TGFp 
ligands. Finally, there may be several non-transcriptional 
signaling pathways for TGFps. For example, we have found 
that TGFpi-deficient platelets from Tgfbl knockout mice 
have impaired platelet aggregation that can be restored by 
incubating isolated platelets with recombinant TGFpl (un- 
published observations). Because platelets do not have a 
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nucleus, there must exist a signaling pathway that is 
nontrartseriptional. In summary, given the complexities of 
ligand processing receptor interactions, and signaling path- 
ways, it becomes clear why redundancy in TGF1, % and 3 
function has not been detected at the whole animal level, 
even though there is considerable overlap in expression of 
Tgfb gene fatmly members. Consequently if other gene fami- 
lies function with similar complexity, it is likely that, in the 
final analysis, little functional redundancy will be found 
within gene families. 

Two striking examples of apparent functional redundancy 
are worth considering. The first involves myogenic genes, 
and the second involves retinocic add receptors. Contrary to 
early interpretations, redundancy does not now appear to be 
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Figure l.TCFjl signaling pathway. The TGFp Uganda, TGFp I (pi), TGF£2 (p2), and TGFP3 (fS3), exist primarily in a lateat form in vivo 
and are activated by mechanisms not yet clear. In genera), TGFp 2 interacts with a TGFp type III receptor {Kill) before interaction with 
TGFp type II (HID and TGFp typq I (&l> receptors; whereas, the TOFfil and TGFfJB ligands can interact directly with the type 11 receptor. 
The tigancl recaptor complexes can then associate with several cytoplasmic molecules, foniesyl proteiu transferase (FPT) and FK506 
binding profcdn-12 (FKBP-12), being two potential examples. The reccptordigand complex sign&te to the nucleus through threonine/ 
serine phosphorylation ni'a aeries nfSMAD proteins (related U> the DrossophUa 'mothers against dccapentnplegie" protein* which then 
elicit transdptional regulation of extacellutar matrix, ce ll cycle r differentiation and growth factor receptor genes. The rotu3 of the ossoci- 
nted cytoplasmic molecules FPT and FKBP-12 are not clear but are thought tu involve RAS pathway signaling and modulation of signal* 
ing through the SMAD proteins. 



the case for two of the myogenic genes known to be essential 
for specification of vertebrate skeletal muscle. Myod and 
My/5. Even though the individual knockouts have -muscle, 
and only the combined knockouts do not have muscle (45} t it 
is now clear that each gene functions in the specification of 
distinct muscle cell lineages. Consequently, in the absence of 
one wjurw? of muscle cells, the other source may compensate 
for that (4£, 47). This should be termed developmental com- 
pensation, rather than gene redundancy. On the other hand, 
with respect to reti&oic acid receptors, there is el&o good evi- 
dence for functional redundancy. Similar to the myogenic 
genes, retinoic acid receptor gene knockout mice have few 
phenotypes, whereas the combined knockout to have mimy 
phenotypes (48, 49). Whether this turns out to he gene re- 
dundancy or another case of developmental compensation 
remains to be determined. 



Lack of phenotype: As is the case for TGFfJ, there also is 
a multitude of reports indicating that the FOKs 1 and 2 have 
important roles in numerous cell types and tissues. Conse- 
quently, when the Fgf2 gene was knocked out by gene tar- 
geting, it was quite surprising thai there was no obvious 
phenotype (50). The Fgf& f * animals live a long, healthy life, 
and fertility and fecundity are normal. Even the pituitary 
gland, which is the best source of FGF2, appears not to have 
morphologic defects. The only evidence for any developmen- 
tal abnormalities is found in hemaiopoiesis (50), where 
blood platelet counts are 'high, and in the cerebral cortex ("51, 
52), where morpho metric analysis reveals decreased cell 
density. Clearly, these abnormalities are minor, compared 
with expectations. This was all the more evident because our 
transgenic mice, in which the human FGF2 gene was ubiq- 
uitously overexpressed by the phosphoglycerate kinase pro- 
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motor (53), had vary short legs, suggesting an important rote 
of FGP2 in hone development, yet the bones of the knockout 
animals were norma). This apparent discrepancy between 
the transgenic an4 knockout mice indicates that some other 
FGF signals through the same FGF receptor as does FGF2, 
and that this other FGF is the true ligand that is important 
m bone development. Another possibility is that there is "de- 
velopmental compensation* by alternative mechanisms. la 
other words, the absence of f GF2 may cause developmental 
abnormalities during bone development that are then com- 
pensated for by another developmental pathway. This alter- 
native would not necessarily require a different FGF to be 
involved. 

After we had made our first analysis of VheFgfZ knockout 
mouse and did not find an obvious phenotype, it was easy to 
explain the "lack of phenotypc" by invoking redundancy be- 
cause there are at least 18 known Fgf genes. But in hind- 
sight, it now appears more likely that all members of this 
large gene family have specinc functions, even though they 



signal through receptors encoded by only four receptor gen^ 
{54} In Fgf2 knockout mice, evidence was not found Jor «p- 
regulation of the two ligands most structurally related to 
FGF2 namely, FGFs I and 5 (503. Also, genetic combination 
of Fgh and FgfS (50) did not reveal redundancy between 
these similar gene*. In addition, further analysis of the 
mice revealed roles being played in hematopoiesis and 
vascular tone control (50) as well as in brain development 
and wound heating (61, 52). Finally, in addition to Fgfc 
Fgfs 3-5 7, 3 also have been ablated by gene targeting, re- 
vealing functions in proliferation of the inner cell mass 
{Fgf 4) (66); gastrulatf on and cardiac, craniofacial fore- 
brain midbrain, and cerebellar development frgfB) <o6); 
brain and inner ear development {FgfS) (57, f,S); and two 
aspects of hair development <FgfS and 7) m> 60). lb date 
comparison of knockout phenotypes from 6 of the 18 
Fgf genes has not turned up overlap except possibly in the 
cerebellum. Together, these results indicate that each 
gene has important unique functions. Although a few re- 
dundant functions may eventually be found on combina- 
tion of Fgf2 with all other Fgf* except it is clear that 
6 of the 18 Fgf genes studied by gene targeting have been 
associated with essentially unique knockout phenotypes. 

Tb summarize, what originally appeared as "lack of pheno- 
lypcT led many of w to the premature conclusion that other 
FGFs must have functions redundant, to those of FGF2. 
However, further analysis of Fgf2 knockout mice has since 
revealed a wealth of unique functions ranging from thromb- 
ocytosis and vascular tone control (50) to brain development 
and wound healing 151, 52). It is my expectation that further 
physiologic analysis of the Fgf2 knockout mouse will reveal 
functions in the hypertrophic response to hypertension and 
responses to isclieiiiia/rcperfusion injury and hone injury. In 
the fmal analysis, it is likely that the major roles of FGF2 
may have less to do with getting us to birth than with keep- 
ing us alive after birth, whereas several other FGFs clearly 
have developmental roles. 

Effects of genetic background on -phenotypic varia- 
tion: From 100 years of mouse genetics, it has become clear 
that genetic background plays an important role in the sus- 
ceptibility of mice to many disorders. Therefore, the pheno- 
types of knockout mouse strains will also have genetic 
background dependencies, as was first documented by the 
Magimson and Wagner groups (61 , 62). The Tgfht knockoiit 
mice are an exceptional case in point (Table 3), On a mixed 
(50*50) 129 x CF1 background (CFl is a partially outbrcd 
strain), about half of Tgfbl knockout mice die from a pram- 
plantation developmental defect (63), and the other half die 
of an autoimmune-iae multifocal inflammatory disease at 
about weaning age (29), If the targeted Tgfbl allele is back- 
crossed onto a C57BU6 background, 99% of all knockout 
animals die of the preimplantation defcct{63). However, if a 
Tgfbl knockout allele is put onto a mixed 129 x NIH/Ola x 
C57BL/6 background, embryo lethality is observed during 
yolk sac development, not during preimplantation develop- 
ment (54). With respect to the multifocal inflammatory dis- 
order of Tgfbl knockout mice, if the targeted allele is put 
onto a 129 x CF1 mixed background (50:50), severe inflam- 
mation exists only in the stomach (29); on the mixed 129 x 
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Table LI. Background dependency of 7)ffi/ knockout phonctypea 



W>t»p.otypt3 pcnr/ti ant^ no vftriMifi fct rains (%\ 



Photic typo 



129 x CFi 



1 29 * C5? 



.129 x C3H 



C57 



12U 



03 H l29*C$7x KIH/Ola 



FraimplAitUtlion tethalit.v iSO N r 0 

■i f f?lk sac lathaJity" 0 0 

Gwiric iofliinuiuiilott SO 1 * ?.&' 

httesticial inn»mmntion 0 

Colon cancer ND ND 



ND 
SO 
NT) 
ND 
ND 



ND 
1 

ND 
KD 



ND 

ND 
NX) 
NO 

mo 



ND 
Ni> 
KB 
ND 
0 



0 

50 
50 
ND 
NO 
ND 



Percentage of knockout animals of a given siroin tluu have the design ntr-d phonoLype. 
"For detail?, sec references <J4, 67, 

^Approximately 10^ of animate with anujimmyne dtecasft have aa delectable £ostnmite$tl«al tract tnnammataon. 
iJ n pu blisLed observations, 
ND imX determined. 



NIH/OUv x C57Biy« background, the intestines are mom so- 
verity inflamed than is the stomach (65). Finally, on a pre- 
dominantly 129 background U29 x CFi; -97:3}, Tgfbl 
knockout mice develop colon cancer if the inflammatory dis- 
order can be eliminated by other genetic manipulations that 
render the mice immunodeficient (unpublished observa- 
tions). However, on a predominantly C3H background, sm- 
munodeftde-nt Tgfbl knockout mice do not develop colon 
cancer (66). These results suggest that modifier genes exist 
that can significantly affect the function of TGI^l in pmm- 
piantation development, yolk 3ac development, bowel and 
gastric inflammation* and colon tumor suppression. 
Progress toward localising a modifier gene for the yolk sac 
developmental problem has been made (67), 

What is the best genetic background for knockout 
mice? Because background-dependent ph en otypic variabil- 
ity wiJI likely be found for most- knockout mice, it will he use- 
Ful to hackcross a targeted allele onto several mouse 
backgrounds to make congenic strains. In tins section > it wall 
be argued that putting a targeted allele on a mixed strain 
background will also provide useful information. This is not 
to say that congenic strains are not useful. Kather, the point 
to be mad » hers is that there also are benefits to looking at 
mixed strain backgrounds. Again, our experience with Tgfb 
knockout mice will be instructive. 

Generating homozygous mutant knockout animals on a 
fitted genetic background is faster. The ES cells are nearly 
always from a 129 strain, and the blastocysts into which the 
targeted ES cells are injected are nearly always C57BL/6. 
For reasons unknown, this is a good combination for estab- 
lishing germiine transmission of the injected ES cells, The 
resulting chimeras can then be crossed with any strain de- 
sired, but 129, C57BL/6\ or Black Swiss mice are most often 
used, and CFI mice were used in the case of our Tgfbl 
knockout mice. Heterozygous offspring .from this crossing 
will then be inbred 129 or PI hybrids of 12$ and one of the 
other strains, Clearly then, the quickest route to having the 
knockout allele on an inbred strain is through i29. For the 
other strains several generations of back crossing is re* 
quired, which can take well over a year. Unfortunately, 
strain-129 mice have low fertility and fecundity Conse- 
quently; the number of offspring per litter is usually fewer 
than six. Although 129 x C57BL/6 hybrids are more robust, 
upon backcrossing onto C57BL/6, litter size decreases, lib 
the contrary, the Black Swiss and CP1 strains are robust, 
and Jitter she often is in excess of 12. The reason for this is 
probably because they are not truly inbred strains, bat 



rather are partially outbred through random breeding 
within their respecti ve strains. Therefore, one of the choices 
one lias is to stay with "pure* genetics at the expense of a 
lower production rate and considerable delay before genera- 
tion of experimental animals, or sacrifice some genetic pu- 
rity to obtain a more efficient production colony. Ideally, one 
would want to do both, but this often is too expensive. 

Mixed genetic background knockout mice often have a 
wider range ofphenatypea. The Tgfbl knockout mice back- 
crossed onto either the 129 or C57BUC background 
(congenics) yield only embryo lethality (63, unpublished ob- 
servations). On the other hand, when the knockout allele is 
maintained on mined genetic backgrounds, embryo and 
adult phenotypes are maintained. 

The Tgfbi & TgfbS knockout mice provide further ex- 
amples. The Tgjb2 knockout mice have more than two dozen 
congenital defects and die either immediately preceding or 
during birth, or within 2 h thereafter (30). Table 2 indicates 
that most of the phenotypes are only partially penetrant. 
Though it is not documented, it is Bkely that the penetrance 
of some of these phenotypes would increase to nearly 100%, 
and some of the other phenotypes would disappear were we 
to put the Tgfh2 knockout allele on inbred backgrounds, 
Henco, the mixed strain background probably provided more 
information than would congenic strains. 

The TgfbS knockout mice have a cleft palate (31). One 
colony ofTgfb3 knockout mice was loft as a mixed back- 
ground (129 x CFI; 50:50} strain, whereas another colony 
was baekcrossed several generations to the 057BL/6 strain. 
These two colonies had considerable expressivity differ- 
ences; the inbred colony had more severe clefting than did 
the mixed background colony In the latter, expressivity of 
clefttng varied widely from animal to animal. This variable 
expressivity within the mixed background colony provided 
us with the opportunity to obtain far more data on develop- 
ment of the cleft palate and was, therefore, more useful for 
making assumptions about the cellular and molecular 
mechanisms by which TGF[53 supports palate fusion. Hence, 
using the TgfbS knockout mice, the mixed strain background 
provided more information than did the congenic strain. 
Consequently, a wider range of penetrance and expressivity 
of phenotype is a major advantage of investigating knockout 
phenotypes in mixed background colonies. Further, variable 
penetrance of phenotype in a mixed background colony sug- 
gests that there are modifier genes for each phenotype that 
could be obtained by linkage studies. 
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Conclusions 

Questions have been addressed that arose from the last 8 
years in which knockout mice have been investigated to ana- 
lyse gaie fimctioa at the whole animal level- These questions 
concern gene redundancy apparent lack of phenotype tn a sur- 
prising number f>f knockout strains, andetifects of genetic back- 
ground on knockout phenotype. Using data obtained 
principally from Tgfb and JFgf knockout mice, it is argued that 
there is probably little redundancy in the genome tie., that few 
genes are dispensable for survival of the species). Apparent 
lack of phenofype more likely reflets our inability to ask the 
right questions, or our lack of tools to answer them, than it does 
a true lack of function. Finally, discussion of genetic "back- 
ground phenotype variability, including variable- penetrance 
and expressivity, was used to presentsome of the advantages of 
working with mixed genetic background colonies of knockout 
mice, for all the examples given here, there arte counter ex- 
amples that must be taken seriously; consequently; these argu- 
ments must not be taken, as absolutes. For example, if a gene in 
a particular mouse $ixmn has recently been duplicated, it will 
most likely be redundant If one is studying tissue rejection in 
a knockout mouse, the genetic background obviously must be 
well defined and preferably inbred. Or, if one wants to use the 
susceptibility of a particular mouse strain cancer to investi- 
gate the function of the knockout gene in progression of that 
cancer, the knockout allele must be put on that mouse strain. 
In general, however, when setting up approuelies for investigat- 
ing a new gene knockout mouse, I believe one would be well 
advised to assume that; there is little gene redundancy in 
mammals; there are knockout phenotypes even if none are im- 
mediately apparent; and investigating phenotypes in mixed 
genetic background colonies may not only reveal more phemv 
types, but may lead to better understanding of the molecular or 
cellular mechanism underlying the pheaotype, and may lead to 
modifier gene discovery 
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the target gene in a particular place or at a particular t imo tk. 
these recantation systen/called cdZ£^£Z£™°£ 
replacements in mice and in plants (see Figure 5-82) in thi« en B" leer 8 ene 
in ES cells is replaced by a fly iJfcJSSS K^^BBE 
a pa.r of the short DNA sequences, called lox sites, thatC 

17*^ P rotein - The tranSgenic "** * at result a^ SolicS 
normal. They are then mated with transgenic mice that PYnrp« Jj"™ ol yP»caiiy 

binase gene under the control of an IndSd^^J^^.^ 
sequences-excising a target gene and eliminating its activity SirnilaTrLomM 

s&nr 316 used to generate »»«^ 



(A) ES cells growing 

in tissue culture 



female mouse 




INTRODUCE A DNA 
FRAGMENT CONTAINING 
ALTERED GENE INTO 
MANY CELLS 



LET EACH CELL 
GROW TO FORM 
A COLONY 



TEST FOR THE RARE 
COLONY IN WHICH 
THE DNA FRAGMENT 
HAS REPLACED ONE 
COPY OF THE 
NORMAL GENE 




EARLY EMBRYO PARTLY 
I FORMED FROM ES CELLS 



(INTRODUCE EARLY 
EMBRYO INTO 
PSEUDOPREGNANT 
MOUSE 



ES cells with one copy of target 
gene replaced by mutant gene 




SO 



SOMATIC CELLS OF 
OFFSPRING TESTED FOR 
PRESENCE OF ALTERED 
GENE, AND SELECTED 
MJCE BRED TO TEST FOR 
GENE IN GERM-UNE CELLS 




TRANSGENIC MOUSE 
WITH ONE COPY OF 
TARGET GENE REPLACED 
BY ALTERED GENE 
IN GERM LINE 



Figure 8-70 Summary of the 
procedures used for making gene 
replacements in mice. In the first «« 
(A), an altered version of the gene is 
introduced into cultured ES (embryonic 
stem) cells. Only a few rare ES cells wiD 
have their corresponding normal genu 
replaced by the altered gene throygh i 
homologous recombination event 
Although the procedure is often laborious 
these rare cells can be identified and 
cultured to produce many descendant!, 
each of which carries an altered gene in 
place of one of its two normal 
corresponding genes. In the next step of 
the procedure (B), these altered ES cefc 
are injected into a very early mouse 
embryo; the cells are incorporated into 
the growing embryo, and a mouse 
produced by such an embryo, will contain 
some somatic ceJIs (indicated by orange) 
that carry the altered gene. Some of thee 
mice will also contain germ-line ceils that 
contain the altered gene. When bred with 
a normal mouse, some of the progeny of 
these mice will contain the altered geneh 
all of their cells. If two such mice are in 
turn bred (not shown), some of the 
progeny will contain two altered genes 
(one on each chromosome) in all of their 
cells. 

If the original gene alteration complete^ 
inactivates the function of the gene, these 
mice are known as knockout mice. When 
such mice are missing genes that function 
during development, they often die with 
specific defects long before they reach 
adulthood. These defects are carefully 
analyzed to help decipher the normal 
function of the missing gene. 
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Chapter 8 : MANIPULATING PROTEINS, DNA AND RNA 



scenic Plants Are Important for Both Cell 

ri^ andA£ricuituro 

p[4ni is damaged, it can often repair itself by u process in which mature 
^jfjV^ed cells *dcdiflcrcntiatc^ proliferate, and then redifferewUiTe In la 
.«B types. ^ some circumstances the dedifferentiated celts can even form 
°* cr . c ^j ^ristem, whidi can them give rise to an entire new plant, including 
aP r2c«, Tl* ij! remarkable plasticity of plant celts can He exploited to generate 
^s^t plants from eelk growing in culture. 

"^bert a P** 06 of P^" 1 tissue cultured ^ a sterile medium containing 
r^tv and appropriate growth regulators, many of the cells are stimulated to 
T "' ! |jtot*! indefinitely in a disorganized manner, producing a mass of relatively 
Pj^^jniajjed cells called a callus, if the mtirieru* and growth regulators are 
Lffyliy manipulated, one can induce the formation off a shoot and then mot 
2cal merisieff^ within The callus and, in many species, a whole new plant can 
heUE^at^d. 

Chillis cultures can also be mechanically dissociated Into single eelK which 
vtiH gr-ow and divide as a suspension culture. In several plants— including 
ioli^, petunia, carrot, potato, arid Ambidopsis — a single ceil from such asus» 
p^&m culture can.be grown into a small chimp (a done) fro ill which a whole 
Em can be regenerated. Such ;i cell which has die ability to give rise to all parts 
^iffofganb^. is considered totipotent. Just as mutant mk& Cull he derived by 
gjn^ic manipulation of embryonic stem Ce3b in culture, so transgenic plants 
«3iib?cr*iii£d from single totipotent plant cells tramfeceed with DNAJn euitwe 

Tr# ability to produce transgenic plants has greatly laccetcrated progress in 
^any areas of pit&M eell biology. It hits had an important role* fox example, h> 
;|aiing receptors for growth regulators and in analysing the meehatusms of rnor- 
^agtaesis and of gene expression in plants. It has also opened up many new 
poisibiitiitf In agriculture that could benefit both the farmer and the consumer. 
Iihss made it pas&jhle, for example to modify the lipid* s tarch, and protein st«r* 
preserved in seeds, lt> impart pest and virus resistance to plants* and to create 
mcdined: plants that tolerate extreme habitats such- as salt marshes or water- 
messed soil 

ftey of the major advances in understanding mil ma! development have 
ttme from studies on the fruit fly Orosophtkt and the nematode worm 
Cmwthabdiiis ela^utS. whicf i are amenable to extensive genetic analysis as vvelt 
*<Hd experimental manipulation. Progress in pknt developmental biology has. 
in the pa^u been teUtftoeJy slow by comparison. Many of the plants thai have 
prctvd iDost amende to genetic analysis— such m mai&e and tomato— have 
Sfcgi&e cycles and very large genomes, making both classical ami molecular 
petk analysis time-consuming. Increasing attention is consequently being 
S«4 to a Cast-growing small weed, the common wall cress CAmbidopsh 
btikml which has several major advantage as a "moxle! plant* (see figures 
Mi and 21-107), The relatively amati Ambidopsis genome was the fust plant 
fcntnne to completely sequenced. 




Figure 8*71 Mouse with an 
cnslrto^rod defect In fibroblast 
growth factor 5 (FCF5). f&B a 
negative r*$jht& & hatf fcrtratwrL In a 
flious* l&d&rg FGF5 the hair « Cong 
compare^ wtch «s Kw^cxytOU* IrtttWHe 

Trample mfc* with pherKwypes 
thai mimic aspects of a variety of hum*n 
disorder indutfitg AteheimerV <&ease, 
ithcriaderwsa, diabciex, cystic fitrotfet, 
and ic*mt typo a*X^*, ft*v* 
|,»TMji7jlu<t>TTicjr itudy may lead to the 
development of mor« cffocUvs u*«5«irM>nts f 
fOn<rt<»$y Gail Martin, from J.MI. Hebcrr 
«t at. Cdf 78: 1 01 7-1025, 1 W^. © Efeev^^ 



^ge Collections of Tagged Knockouts Provide a Tool for 
wamining th<s Function of Every Gene in an Organism 

^isivecollabof utive effort are underway to generate comprehensive libraries 
^^aiwrw in several model organisms, including s\ cvnwtiitte, C ciegans. 

Atz&idopsis, and the mouse. The ultimate aim in each case to pjo* 
St'w (!C1ian ®t rautanr *u atns In. wlitcli every gcrte in the otganism has 
( ^_^»ecii systfrmatUxilly deleted^ or altered such ihat il am be conditionally 
L^^^^ollectioiw of this type will provide an invaluable tool for bwesrig&t* 
^iwiion on a genonutr scale. In some cases, each of lite individual 
3_J** ^thln the cotWction will sport a distinct molecular tag — auniq 
, Redesigned 10 make idem ification of the altered gene r;ipid and 



OHewJria^ th* task of generating a set of GO00 mutants each missing 



ggne D<p*uissio^ and FU^criGN 
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which exogenous DNA is introduced from a bacterium 
into a host cell. The mechanism resemble* i hat of bac- 
terial conjugation. Expression of the bacterid DNA in 
its new Host changes the phenotype of the cell, in the 
example of the bacterium Agmbncterium tumefacmiSy 
the rcsutt b to induce tumor formation by an infected 
plant cell. 

Alteration* in the relative proportions of compo- 
nents of the genome during somatic development 
occur to allow insect larvae to increase the number of 
copies of cer tain genes. And the occasional amplifica- 
tion of gene* in cultured mammalian ceils is indicated 
by out ability to select variant cells with an increased 
copy number of some gene*. Initiated within the 
genome, the amplification event can Create additional 
copies of a gene that survive, in either intrachromoso- 
mal or cxt ^chromosomal form. 

When extraneous DNA is introduced into eufcary. 
otic cells* it may give rise to extrachromosomal forms 
ot may be integrated imo the genome. The relationship 
between the extrach romosomal and genomic forms is 
irregular, depending on chance and to some degree un- 
predictable events, rather than resembling the regular 
mterchange between free and integrated forms- of bac- 
terial plasmids. 



Yet, however accomplished* the process may lead to 
stable change in the genome; following its injection 
into animal eggs. DNA may even be incorporated ui| Q 
the genome and inherited thereafter as a norma] ciun- 
poiient, sometime* continuirtg to function. Injects 
DNA may enter the germltne <u wdt as the soma, ere ir > 
ing a transgenic animal. The ability lo introduce sp*. 
cifrc genes that function in an appropriate marine/ 
could heeorne a major medical technique for curin* 
genetic diseases * 

The converse of the introduction of new genes is 
the ability to disrupt specific endogenous' genes 
Additional DNA can be introduced within a gene to 
prevent its expression and to generate a null alkfe 
Breeding from an animal with a null allele can gemote 
a homozygous "knockout* which has no active copy of 
the gene, This is 3 powerful method to investigate di* 
rectly the importance and function of a gerte. 

Considerable manipulation of DNA sequences 
therefore is achieved both in authentic situations and 
by experimental fiat. We are only just. beginning to 
work out the mechanisms that permit the cell to 're- 
spond to selective pressure by changing its bank of se- 
quence* or that allow it to accommodate the intrusion 
of additional sequences. 



The mating pathway is triggered by signal 
transduction 



n^Kti yeast & ctrevitiae cart propagate happily in ei- 
X ther the haploid or diploid condition. Conversion 
between these states tate place by mating (fusion of 
hapfuM spore* to give a diploid) and by spoliation 
(meiosts of diploids to give haploid spores). The ability 
to engage in these activities is determined by the mat- 
ing type of the strain. 

The properties of the two mating type* arc sum- 
mamed in Figure 17.1, We may view them a* rest- 
wig On the ideological proposition that there is no 
point m mating unless the hapfoidS are of difl«nmt 
genetic types; and sporulition is productive only 
when the diploid is heterozygous and thus can gen- 
erate recombinants. 

The mating type of a (haploid) cell is determined by 
the genetic 1 nforxnarion present at the MAT locus. CelU 
that carry the AfATa allele at this focus are type a; like- 



wise, cells that carry the MATa 'allele are type ol Cells 
of opposite type -can mate; cells of the same type 
Cannot. 

Recognition of ceils of opposite mating type is 
Figure) i7.i Mating type controls several activities. 
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Preface 



Over the past ten years it has become possible to make essentially any muta- 
tm in (he gei-mlinc of mice by utilizing recombination and embryonic stem 
(£S> cells, Homologous recombination wfrfcti applied to altering spceiiic 
endogenous genes, referred to as- incite targeting, provide* the highest level of 
control ove r producing mutations in cloned genes. When, (his is oombincd with 
site specific recambinatirtn, a wide range Of mutations can be produced. ES cell 
lines arc remarkable since after bein£ established from ft blastocyst they can 
bti cultured and manipulated relatively easily in vino and still maintain their 
ability to step back into a normal <lcvekipcneal«il {program when returned to a 
prc^mplrttitation embryo. With the exponential increase in Xhc number of 
genes identified by various genome project* and genetic screens, it has become 
imperative that efficient methods be developed for determining gene function. 
Cenc targeting m ES cells of lets a powerful approach to study gene function in 
a mammalian organism. Gene trap approaches in F-S cells* in particular when 
they are combined wit h sophisticated pTcscreens, offer not only a route to gene 
discovery, but also to gain information on gene sequence, expression and 
mutant phenotype. 

The bask technology itecessary for making designer mutations ut row* has 
become widespread and researchers who have traditionally used cell biology 
or molecular experiments arc adding gene targeting techniques to their reper- 
toire of experim tal approaches. A second edition of thus book was written for 
two main reason*. The first was to update previously described techniques and 
to add new techniques that have greatly expanded the types of mutation* thai 
can be made using recombination in ES cells, A chapter in this new edition 
describes tltc design and use of site specie recombination lot gene targeting 
approaches and production of conditional mutations, Ine second reason for 
the new book was to provide a more in depth discussion c4 the experiment! 
design considerations that are critical to a successful gene targeting study and 
to add approaches for analyzing mutanl phenrtfypctt, the most interesting 
part of an experiment. Gene targeting experiments should be designed to 
go far beyond just making a mutant mouse. The success of a gene targeting 
experiment no longer lies in the making of the mutation, but depends On the 
imaginative and insightful analysis of the mutant pheno types that the mutation 
provides. A chapter in this edition describe* the use of classical genetics in 
combination with gene targeting to get the most out oi a genetic approach to a 
biological question. 

The oat me of in vivo gene targeting studies of gene function are such that 
critical design decisions must lie made at every step in the experiment, and 
each decision can have a major impact on the value of the information 
obtained. From the start, the type of mutation to be m-nde must be considered 
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carefully- Whereas 10 years ago most mutations were designed to create mil! 
mutations and were therefore relatively simple to design, at present, a null 
mutation is only one? of u long list of mutations that can be made, each provid- 
ing different insight iMO the function of a gene. Point mutations, large dele- 
tion^ gem exchanges (Knock-ins) and conditional mutations an: but a few of 
the chokes one faces at the start of a gene targeting «xperlmei)it The next 
choice is the source of DN A for the targeting experiment and ES cell line to he 
used for the manipulations. Once the mutant ES cell clone has been obtained, 
there are then a number of alternative approaches that can be used to make 
£$ cell chimeras that (depend on the ES cell time which was used fmally* and 
most importantly, is the analysis of any phcnolype that arises, This second 
addition discusses techniques used to analyze mutant mice, ranging from Mini* 
dard descriptive evaluation to u chimera. analysis or complicated breeding 
experiment* that utilize double mutants If mice arc simply considered as a 
'bag of €eUV or an in vivo source of selected oell types, then the tremendous 
resource which mice offer as a model organism* Ls not being rcal&cd. The life of 
ft mouse represents a continuum of dynamic processes, including; pattern for- 
mation, organ development, learning, homeostasis and disease* By making 
genetic alterations in mice using gene targeting and ES cells, the effects of a 
given change can be studied hi the contest of the whole organism. 

My goal in editing this hook was to provide .a manual that could take a new- 
comer to the exciting: field of gene targeting and mutant analysis in mice from a 
cloned gene to a basic understanding of the genetic approaches available using 
ES cells; and how each technique can be used to design a particular in vivo test 
of gene function. The hook should also provide a valuable bench side resource 
for anyone carrying out gene targeting or gemc trap experiments, a chimera 
analysis or classical genetic approaches, I would once again like to extend 
many thanks and my deepest appreciation to all the authors for their great 
efforts in including detailed protocol* and lurid discussion* of the various 
approaches presented. I would also like to thank my family for their strong 
support and laboratory members past and present for helping to make gene 
targeting a reality* Finally, since many of the techniques use rake, the experi- 
ments should be carried QUI in accordance with focal regulations. 

New York, NY A.LJ. 
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Gene targeting, principles, and 
practice in mammalian cells 

PAUL HASTY, ALEJANDRO AJ8UIN, and ALLAN BRADLHY 



1, Introduction 

Whtn a fragment of genomic DN A is introduced into a mammalian veil it ciin 
|*xate and recombinc with the endogenous boxnologous sequences. This typ£ 
of homologous recombination, (mown as gene tasting, is the subject of this 
chapter, One targe ting has he»m widely used, particularly in mouse env 
btyxmk stem (BS) celts, to make a variety of mutations in many different loci 
m that the phenotypk: consequences of specific genetic modifications* can be 
assessed in the organism. 

The first experimental evidence for the oceutieifcce of gesie targeting in 
mammalian cell* was made using a fibroblast cell line with a selectable 
artificial locus by Ltn et ai (I ), and was subsequently demons! rated to occur at 
the endogenous p-gtokin by Smithies ef «/, in &rylhroleukaemia cells (2). 
In general, the frequencies of gene targeting in tiiammatiati cells relatively 
low vompated 10 yea$£ cells and this i$ piobahly related to, at least tn part, a 
competing pathway: efficient integration of the transfmed PNA into a ran- 
dom thrwuasonial site, Tltc relative ratio of tar ted to nudum tattKratjon 
events will determine the ease with which targeted clones axe identified in a 
gene Mii^tag experiment. This chapter details aspects oJt vector design which 
can determine the efficiency of recomhtiuitktf), the type of mutation that may 
be generated in the target Joe us, as well as fthc selection and screening 
strategies which can be used lo identify clones of US cells with the desired 
targeted meditation, Since: the must common experimental strategy h lo 
ablate the function of a taiget geoe (nuH &ffck) by imioduting a selectable 
markcrgene^ wc initially descrihe the vectors and the selection schemes which 
are helpful in the identification of recomhinaEit clones (Sections 2-5). In 
Section 6. we describe the vectors and additional considerations for gener- 
ating subtle mutations in a target locus devoid of any exogenous sequencer, 
Finally. Section 7 is dedicated to the use of gene targeting as a method to 
express exogenous genes from specific endogenous regulatory elements in 
vivo, also known a* "knock-in* strategies. 



I ; G 0a e tae%ctm& prmapha* and practice in mammalian celtst 
enrich populations of irunsfeeicd eclh for targeted integration even** (Section 
4.2J)- 

2 A Design considerations of a replacement vector 

Tfce principal consideration in the Resign of a replacement vector, is the type 
of mutation ^ncratcd. Secondary (yet still important) considerations rotate 
to the selection schema md greening techniques required to isolate the re- 
combinant clones. The recombinant atleEes generated by replacement vectors 
tvpically have ;i selection cassette insetted into a coding exort c*r replacing part 
of ihc locus. It Is important to consider that, ejton interruptions and if mall 
deletion will not necessarily ablate the function of the ta rget gene us generate 
a null allele. Consequently, it is necessary to confirm that the allele which has 
been generated is null by RNA and/or protein analysis and to many cases 
transcripts and truncated proteins from such a mutant allele can be detected. 
Co^idcrmq tat products from the mutated locus may have some function 
(normal orabnormai} it is important to design a replacement vector so that 
the targeted allele is null particularly in the absence of a good assay fox the 
mac product. Disruption or deletion of the coding sequence by the positive 
seleciaots marker will in most instances ablate a gene's function. However in 
some situations a truncated protein may be generated which retains some 
b&logicd activity, thus some knowledge of mutations in a related gene in 
another organism can be helpful in the dctenmnatirm of; the possible function 
of a United allele. Noll alleles are more likely to occur by dieting or 
recombining a selection cassette into more 5' exons rather than exons that 
encode the C-tcrminus of the: protein, since under these circumstances 
minimal portions of the wild-type polypeptide would he made, 

There arc several considerations to lake two account when a positive, 
selection marker U to be inserted into an exon. One critical cosmderation is 
thai since die length of an exon cart influence RNA splicing 0), an artificially 
large exott caused by the insertion of a selectable marker may not he 
recognized, by ihc splicing machinery and could he skipped, Thus, transcripts 
initiated from the endogenous promoter may delete the mutated exon from 
ihs mRNA species or even additional exons. If a skipped exon is a coding 
exon whose nucleotide length is not a multiple oi three (codon) the net result 
will be both a deletion and a frame-shift ntutotton of the gene, which will 
often generate a null allele. However, if the disrupted coding exon has a 
nucleotide length, which is a multiple of three, if spliced out, this would result 
in a protein with a small in-frame deletion which may retain partial or com- 
plete function. The same concept applies to gene targeting vectors in which 
exons arc being deleted and replaced by the selectable marker. Deletion of m 
exon or group of exon* with a unit number of eodous may also result in a 
functional protein product with an in-frame deletion. For most purposes it is 
advisable to delete portions or all of the target gcrtc so thai th$ genetic 
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Production of targeted embryonic 
stem cell clones 

M.ICHABL. i\ MATJSE, WOJTEK AUERBACH and ALEX ANDRA L» 
JOYNER 

1, Introduction 

The discovery that doited DNA introduced into tissue culture cells can 
undergo homologous recombination at specific chromosomal lod has 
revolutionised our uhility to study gene function in celt culture and in vivo. In 
theory, this tcdiiliqi&i termed gene targeting, allow* one to generate any type 
of mutation in any cloned gene, The kinds of mutations ilw can be created 
include null mutations, jioiUS mutations, deletions of specific functional 
domains, exchanges of functions! domains from related genes, and gain-of* 
fund ion mutations in which exogenous ePNA sequences arc inserted 
$ri!jacent to endogenous regulatory* sequences. En principle,, $mh specific 
{pnetic alterations can be made in any cell tine growing, in culture. However, 
not all cell types can be maintained in culture under the conditions necessary 
lor trftftSfectkHt and selection. Over ten years ago* pluripotcnt embryonic 
stem (BS) cell* derived from the inner cell mass (ICM) of mouse blastocyst 
stage embryos; were isolated and conditions defined for their 1 proportion and 
maintenance in culture (t. 2). ES c*tl$ rwmbte ICM cells in many wheels, 
including their ability to contribute to all embryonic tissues in chimeric mice. 
Using stringenc culture conditions, the embryonic developmental potential of 
ES tells can hi* maimaioed following genetic raanipttlatinns and after many 
Ittssagcs hi vitm. Furthermore, permanent mouse lines carrying genetic alter* 
aliens introduced into ES cells, can obtained by transmitting the mutation 
& tough the germtinc by generating ES celt chimeras (described in Chapters 4 
and 5>, Thus, applying gene targeting technology to CS cells in culture affords 
researchers the opportunity to modify endogenotis genes and study their 
function in vivo. In initial studies, one of the main challenges of gene largcting 
was to distinguish the rate homologous recombination events from more com- 
monly occurring random integrations (di&ci&cd in Chapter 1). However, 
advances in cell culture and in selection sehemcs, in vec4oi construction using 
isogenic DNA, and m the application of rapid greening procedures have 
made ii possible to identify homologous recombination events efficiently. 
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Preface 



Targeted mutation of genes expressed hi tlw: nervous system is an exciting m:w research 
f ield that is forging a rcmarluible amaJgam of molecular genetics and h$mk*n$ ttcisro- 
scieiice. My laboratory in Bethesda has been the fortunate recipient of visits from many 
molecular geneticists over the past five years, who come to ask, '"What's wrong with my 
mouse? Can >xm t«1i ug what behaviors: are abnormal in our null mutants? And how do you 
measure behavior, anyway?" 

We have had some remarkable opportunities to elaborate with outstanding molecular 
geneticists in the National Institutes o£ Htatib fofr&muml Research Program and through* 
cud ifi« mM m instigations of the behaviors! effects of mutations in g«nes expressed t« 
the mouse brain. Each of these cdMubar&tioos has been a learning experience, increasing 
our ujKkrstandmg of the optimal experimental design for ana ly/ing behavioral phototypes 
of mutant mice. What arc the best tests to addicts each speciftc h^othesis? Which meth- 
ods work best for mice/? 'Which mt tasks can be adapted for mk£? What are the correct con- 
trols? What are lite hidden pitfalls, hsrtring artifacts, false positives, and false negatives? 
Which statistical tests are most sensiti ve for detection of the gcnor>*pe effect? What is the 
minimum number of animals necessary for e<ich £ei>otype> gender, and age? Our lalxxralory 
and many others arc gradually working oid the be*l methods for behavioral pbenotypin^of 
transgenic and knockout mice. 

In die same conversations, molecular geneticists frequently asked me to recommend a 
book' they could consult to learn mure about behavioral tests for mice, Apparently the sci- 
entific publishers are receiving simitar queries. Ann Boyle and Robert .Nrort$ttft at 
John Wiley & Sons, convinced of a real need for such a book, sweet-talked trie into filling 
the void. What's Wftmg With MyMouie? « written for these pioneering molecular geneti- 
cists, and for the talented students who will be the next driving force in .moving the field 
forward 

On a persona? level, 1 would like to express deep appreciation to all of my behavioral 
rKuiosctem&t eolteagu** around the world for thek ouUttanding work, past, present and fu- 
ture, Your contributions to the excellence and abundance of mouse behavioral teste provide 



die tot4aiio«i for the mj»t% ^parading scientific disc<*v<*ic$ forthcomuig toll fecbavsoral 
^nttEvping studies of transgenic and ltmx:fcout rake. Hits book is a testament to your a> 
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Designer Mice 



The disease is inherited Family pedigrees indicate ut iutofftnwl dominant gene, tillage 
analyses reveal one strongly assocbred chromosomal locus. Mapping identify* the ge&c. 
The c0NA far the gene b sequenced. The anatomteal distribution of the g*ne is primarily 
in tfaz httivL The symptoms of the discos* »te primarily neuropsychialric. There is no treat* 
meat for the disease. The disease is lethal. 

Your mission, should you choose to accept it, is to develop a treatment for It* disease. 
Replacement gene thtrupy U the he*t hope. But you dea't know the gene product, you 
dooH know its fawstion. and you doftt kaawif gcaetklivety would be teipe»lic.mcic 
do you start? 

These day$» you may choose to start with a targeted getie mutation* to gsuomte a mutant 
mouse model of the hereditary disease. A DNA construct cootaining the mutated form of toe 
responsible gcac is dewd&pcd. The construct ks insetted into the mousse ge^kome.. A line of 
rcfe with ibe smtaied gt?ie ts generated. CTifcrncteffi^cs. of the mutant mke an: ideotafsed in 
WupsariBon to normal cootrols. Salient eliaractetistics relevant to Use human disease are quao- 
titatcd. Tbcae disewtike traits are then used m ic& variables for evatamg die e#ectrveaes$ 
of treatment .fttf&ave uratmcEits are admkkMcicd to the mutant miscc, A treatment thfct pre- 
vents or reverses the disease traits m the miulaj& mice b taken forward for further 4g$iog as a 
potential thw^uitic trcamscnt for the human genetic distal, Gene therapy, based oo targeted 
gene r^taeermmt of the missing Of inject gene irj the human hereditary disease, is de- 
scribed in Chapter 12. In the futux; medkmc may shift emptei* from treating Ok symptoms 
to a<tmmi««&iiig replacement genes that effectively aod ptmnancally aire the dfee«- 

Targeted gene mutation io mtce repnesente a new technology that is re^Utiomsring bio- 
medical research Tr*n*£*ttfe mice have an extra gen* added. An a&tittaoat W of a jkst- 
rnai gene is inserted faro the mouse genome to* study o>?:rexpres«loTi of the psroduc^ Or 
£i new gene b added that is not aormafy present in the mouse gemi£, The new gene may 
be the aberrant &>*m of a human gene tinicad to a disease. For example, the mutated form of 
the human hufidngiin gen* k added to toe rmouse genome to generate a mouse model of 
HuitfbgtDrTs disease. Knockout mice have a gexe «tef«ft£ The null mutant homozygous 
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2 DESIGNER WCe 



knockout mouse fa deficient in bctfh alleles of a the hetero/vgotc is deficient in one 
of its two alleles for the gene. The genotype is for the null mutant, +/- for the net- 
eruzygote, and for the wildtype normal control, The pbenorype is the set of ob- 
served characteristics resulting from the mutation. Fhcnotypes include biochemical, 
anatomical, physiological, and behavioral characteristics, 

Targeted mutations of genes expressed i n the brsia m revealing the mechanisms under- 
lying normal behav^r ;md behavioral «bnorntaIitics, Mouse models of human neuropgy- 
chiatrfc drwrasrc, snich »s Alzheimer'* disease, Parkinson's disease, HufisingtoD.t dis^e, 
amyotrophic lateral sclerosis, obesity, anorexia, depression, alcoholism, drug addiction, 
schizophrenia, and anxiety, arc likely to be characterized by their behavioral pbencrtype. 

This book, is desired to introduce the novice to the rich literature of behavioral tests in 
mice and to show haw to optimize the application of these tests for behavioral phenotypmg 
of mutant mice, Based on aw experiences,, our laboratory is working toward a unified ap- 
proach for the optima* conduct of behavioral pl^noryping experiments in mutant mfac. 
RccommendatioflS arc offered for a three-tiered sequence of behavioral tests, applicable lo 
cadi behavioral domain relevant to ge^ expressed in the mammalian brain. 



SCOPE 

This book is designed as mi overview of the mutant mouse technology and an introducio<i 
to the field of behavioral ncumscienee^ as it can be applied to behavioral phenoryping of 
transgenic ami knockout mice. Molecular geneticists may browse through the chapters rel- 
evant to Sheir gene, to get fcSeas for possible teste to try. Behavioral neurosctcm&s who have 
oo ex|i$ritnce with mutant mice may msh %q read about the method* for developing a trans- 
genic of knockout the behavioral tests titat have been effectively applied and some of the 
successful experiment published in the genet ics literatwfc, 

Chapters are organized around behavioral domains, including general health, neurolog- 
ical reflexes, developmental milesEnn.es. motor functions, sensory abilities, tearning and 
memory, feeding, sexual and parental behavior*, social behavior*, and rodem paradigms 
relevant to fear, anxiety, depression, sch izoplirejiia, reward, and dru^ addiction. Each chap- 
ter begin* *ith a brief history of the early work in the field and the preseni hypotheses about 
mechanisms underlying the expression of the behavior, A list of general review articles and 
books is offered for each topic, encw agbg the interested reader to pin more in-depth 
Idiowledge of the relevant literature. 

Standard tests fire then presented b detail I f tghlighted are those tasks that have been ex- 
tensively validated in mice. Deinea^ratioiis of genetic ecanponents of task performance are 
described, including experiments eampanrig inbred strains of mice (strain dtstributiansX 
*mantitairve trait loci approaches (linkage analysts), and naturally occurring mutants (spon- 
taneous mutations). Experimental design and specific behavioral tasks arc presented, as 
simply as possible. Exwittive references are included for each behavioral test to obtain 
more complete methods from the primary eatpcrimentai Hienttuic on the topic. 

Illustration* arc provided for the most fhsavendy used behavioral tasks, Photographs of 
the equipment or diagrams of the task accompany the tea t , Samples of data are shown. The 
data presentation Is descried to indicate tlse qualitative and quantitative resuhs that tm be 
expected when the task is properly conducted 

Bach chapter includes the results of several representative experiments in which these 
tasks are successfully applied to characterise transgenic and biockout mice, Examples are 



WHAT'S 
WRONG 
WITH MY 
MOUSE 

? 

— . # . _ 

Transgenic and knockout mutations provide an important means for understanding gene 
function, as well as for developing ther apt&s for genetic diseases, Thi s engaging and informative 
book discusses the many advances i n the field of transgenic technology that have enabled 
researches to bring abexjt various changes in the mo«use genome, Equal emphasis is given to 
both the principles of transgenic and knockout methods and their applications. A dear and 
concise format provides researchers with a comprehensive review of the behavioral paradigms 
appropriate for analyzing mouse phenotypes. 

What's Wrong My Mouse? e (plains the differences between tf arsenic knockout mice and 
their wild-ty pe controls, while providing critical information about gene f unction and expres- 
sion. This volume recognizes that newly identified genes Can provide useful insights into brain 
functioning, including brain malfunctioning in disease states. Written by a world -renowned 
expert in the field, the material also covers: 

• Hdw to generate a transgenic or knockout mow* j 

* Motor functions (open field holeboard, rotarod r ba lance, grip, arcadian activity, etc.) 

• Sensory abilities {olfaction, vision, hearing, taste, touch, nociception) 

* Reproductive behavior, social behavior, and emotional behavior 

Researchers m neucoscience. pharmacology, genetics, developmental biology, and cell biology 
wilt all find this book essential reading. 

. 
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